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1. Introduction
In RAN1#75, several alternatives of uplink timing for cross-carrier scheduling are clarified as the following [1].
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In this contribution, we discuss PUSCH scheduling and UL HARQ for TDD-FDD carrier aggregation (CA) for cross-carrier scheduling.
2. Discussion
2.1. Need for cross-carrier scheduling for TDD-FDD CA
In Rel-10, cross-carrier scheduling has been supported so that inter-cell interference is mitigated for PDCCH transmission. In Rel-11, even though EPDCCH has been introduced to fulfil essentially the same function, cross-carrier scheduling is still adopted on top of EPDCCH. Therefore, supporting cross-carrier scheduling in Rel-12 comes as a natural extension of Rel-11. Optimization is not necessary, and therefore not much standardization effort is required.
Proposal 1: Supporting cross-carrier scheduling in Rel-12 comes as a natural extension of Rel-11.
2.2. UL timing for SCell with cross-carrier scheduling
In the cross-carrier scheduling case, the timing of the PUSCH scheduling and the UL HARQ of a scheduled cell (SCell) is different if the scheduling cell (PCell or another SCell) is FDD or if it is TDD. In the following we discuss about the FDD scheduling cell case and the TDD scheduling cell case.

2.2.1. FDD scheduling cell and TDD scheduled cell
Alt. UL-A1: TDD scheduled serving cell’s UL/DL configuration
Under Rel-11 TDD-TDD CA cross-carrier scheduling, the (E)PDCCH related to a PUSCH transmitted in a SCell (scheduled cell) is located in the control region of another serving cell (scheduling cell). In this case the timing follows an UL reference UL/DL configuration obtained as a combination of the UL/DL configuration of the scheduling cell and the scheduled cell. For most cases, the UL reference UL/DL configuration is the UL/DL configuration of the scheduled cell while, in some cases, a more appropriate UL/DL configuration is chosen taking into account the UL subframes utilization of both the scheduling cell and the scheduled cell configurations.
For TDD-FDD CA, when the scheduling cell is FDD and the scheduled cell is TDD, although the UL grant and the UL HARQ-ACK feedback related to a scheduled PUSCH have strict special timing requirements, the scheduling FDD cell can always give the UL grant and the UL HARQ-ACK feedback resources (i.e. PHICH) in their required subframes.
The current UL HARQ timing for TDD was designed to minimize the retransmission delay for a given TDD UL/DL configuration, with a 10 ms periodicity in most cases (the exceptions are configurations 0 and 6, which have a longer RTT). However, the existing UL HARQ timing for FDD is built on an 8 ms periodicity. As the simplest solution to avoid re-designing the UL HARQ timing, the UL scheduling/HARQ timing of TDD scheduled cell should follow the scheduled TDD cell’s UL/DL configuration.
Alt. UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH
Alt. UL-B1 avoids the re-design situation and ensures that the round trip time is 10 ms in all cases, while providing a better overhead balance (more details are given in [2]). It compares favorably to the RTT of configurations 0 and 6 under alt. UL-A1, but the result doesn't justify the extra discussion and standardization effort required. We don't see the need to introduce a new timing only for cross-carrier scheduling.
Proposal 2: If the scheduling cell is FDD and the scheduled cell is TDD, the UL scheduling/HARQ timing of the scheduled TDD cell should follow the scheduled TDD cell’s UL/DL configuration. (i.e. Alt. UL-A1).
2.2.2. TDD scheduling cell and FDD scheduled cell
Alt. UL-A2-1: TDD scheduling serving cell’s UL/DL configuration
For the TDD-FDD CA, if the scheduling cell is TDD and the scheduled cell is FDD, even though a UL is available in any subframe of the scheduled FDD cell, the related UL grant and UL HARQ are constrained by the UL/DL configuration of the TDD scheduling cell. Hence, the UL scheduling/HARQ timing is restricted by the scheduling cell TDD configuration. The UL scheduling/HARQ timing of FDD scheduled cell should follow the TDD scheduling serving cell’s UL/DL configuration. This is a simple way to implement it with minimum specification impact.
Alt. UL-A2-2: Fixed reference UL/DL configuration 0
Having the FDD scheduled cell following UL/DL configuration 0 causes an RTT over 10 ms for all cases, which is not a desirable outcome.

Alt. UL-A2-3: Configurable reference UL/DL configuration amongst a set of candidates
As explained in [3], alt. UL-A2-3 allows to schedule more FDD SCell UL subframes than UL subframes are present in the UL/DL configuration of the TDD cell. However, significant specification effort would be needed, and we do not see a real advantage of the reference UL/DL configuration being configurable.
Alt. UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH
Alt. UL-B2 allows to schedule as many FDD SCell UL subframes as the number of TDD PCell DL subframes, which compares favourably to alt. UL-A2-1 for all TDD UL-DL configurations except for configuration 0 [2]. However, the results don't justify the extra discussion and standardization effort required. We do not see the need to introduce a new timing only for cross-carrier scheduling.

Alt. UL-C2: Timing follows a reference configuration that can be one of the 7 UL-DL configurations or FDD timing
We are not sure if the intention is to add a new UL/DL configuration in which all subframes are considered as DL, although we think that such a change is not part of the current discussion, as it's not reflected in the WID. Even if that is not the intention, many specification changes would be required in order to realize this alternative.

When the UL timing of the FDD scheduled cell follows an appropriately chosen reference UL/DL configuration, OFDM resources can be made fully available for each single user. This is an apparent benefit of alt. UL-C2 over any of the previous alternatives, as in those cases PUSCH cannot be transmitted in the FDD scheduled cell subframes that are DL subframes on the TDD scheduling cell. However, real implementations usually comprise multiple users, which can in conjunction fully utilize all the resources even if a single user can only use a subset of them.
Proposal 3: If the scheduling cell is TDD and the scheduled cell is FDD, the UL scheduling/HARQ timing of the scheduled FDD cell should follow the scheduling TDD cell’s UL/DL configuration. (i.e. Alt. UL-A2-1).
3. Conclusion

In this contribution, we make some proposals as follows:
Proposal 1: Supporting cross-carrier scheduling in Rel-12 comes as a natural extension of Rel-11.
Proposal 2: If the scheduling cell is FDD and the scheduled cell is TDD, the UL scheduling/HARQ timing of the scheduled TDD cell should follow the scheduled TDD cell’s UL/DL configuration. (i.e. Alt. UL-A1).
Proposal 3: If the scheduling cell is TDD and the scheduled cell is FDD, the UL scheduling/HARQ timing of the scheduled FDD cell should follow the scheduling TDD cell’s UL/DL configuration. (i.e. Alt. UL-A2-1).
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Conclusion:


Email discussion until 24th January for cross-carrier scheduling to try to achieve one solution for DL, UL, respectively, if there will be no consensus, no cross-carrier scheduling in Rel-12 for TDD-FDD CA





For UL cross-carrier scheduling, 


If the scheduling serving cell is FDD and the scheduled serving cell is TDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of TDD scheduled serving cell follows:


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


If the scheduling serving cell is TDD and the scheduled serving cell is FDD, for UL cross-carrier scheduling where PHICH is transmitted on the scheduling serving cell, the scheduling/HARQ timing of FDD scheduled serving cell follows:


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


Candidate UL reference UL/DL configuration (for down selection):


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











