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1. Introduction
In this contribution, we discuss the following remaining issues on TDD-FDD CA.

· DCI design

· Multiple TA

Our views on HARQ/scheduling timing and PUCCH design issues are given in our companion paper [1].
2. DCI issue on TDD-FDD CA
In LTE, different information bits are contained in the DCI depending on the duplex-mode even if the DCI format is the same. More specifically, the following differences are specified.

	Difference between FDD and TDD
	FDD-DCI
	TDD-DCI

	DL (DCI format 1/1A/1B/1C/1D/2/2A/2B/2C/2D)
	· HPNI is 3 bits

· No DAI
	· HPNI is 4 bits

· 2 bits DL DAI (always present but applied only if DL ref. UL-DL config is #1-6)

	UL (DCI format 0/4)
	· No DAI

· No UL index
	· 2 bits UL DAI if UL-DL config is #1-6

· 2 bits UL index if UL-DL config is #0


However, in the case of TDD-FDD CA, just using FDD-DCI on an FDD cell and/or using TDD-DCI on a TDD cell results in problems. For example, for the case when the PCell is FDD and the SCell is TDD and for DL self-scheduling, it was agreed that FDD DL HARQ timing is applied to the TDD SCell. In this case, there is no reason to use TDD-DCI on the TDD SCell, since the number of HARQ processes is less than or equal to 8 and no DL DAI is needed. Rather, using TDD-DCI would result in unnecessary overhead. For the case when the PCell is TDD and the SCell is FDD and for DL self-scheduling, DL HARQ timing on the FDD SCell will likely be based on TDD DL HARQ timing (not decided yet, but extending or reusing TDD DL HARQ timing would be promising, and therefore both of them can be interpreted as TDD-based DL HARQ timing). Therefore, TDD-DCI is necessary even if it is transmitted on the FDD SCell, since DL DAI and 4 bit HPNI are necessary because of the fewer UL subframes on TDD PCell. 
Considering the working assumption that no cross-/multi-subframe scheduling is supported in the DL in TDD-FDD CA, the DCI design criteria would be the same for cross-carrier scheduling as  that for self-scheduling, even if cross-carrier scheduling is supported. Therefore, we propose the following.
Proposal 1:

· In TDD-FDD CA, when PUCCH is transmitted on PCell only, we consider the following.
· If the PCell is FDD, the DL assignment DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· If the PCell is TDD, the DL assignment DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
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Fig. 1  DCI design for TDD-FDD CA.

The above DL-DCI design criteria should be applied to UL cases as much as possible. On UL related DCIs, we observed the following:
· When the PCell is FDD, the UL DAI is not necessary.

· When the PCell is TDD, the UL DAI is necessary.

· If the UL scheduling timing of the scheduled cell includes cross-/multi-subframe scheduling, e.g., UL reference UL-DL configuration #0, an UL index is necessary.
As indicated above, the UL-DCI design depends on the duplex-mode of the PCell and on the UL scheduling/HARQ timing for the scheduled cell. For UL self-scheduling, it was agreed that the scheduling/HARQ timing follows the existing timing of the cell. Therefore, when the PCell is FDD and the SCell is TDD, the UL DAI is not necessary on both the PCell and SCell, but when the UL-DL configuration of the the TDD SCell is #0, an UL index is necessary on the TDD SCell. When the PCell is TDD and the SCell is FDD, the UL DAI would be necessary on the FDD SCell regardless of the UL-DL configuration of the PCell.
However, considering unified design criteria of the DCI for both the DL and UL, even when the UL-DL configuration of a TDD SCell is #0, an UL index can be removed from the DCI so that FDD-DCI can be applied. For this case, an UL index can simply be removed by using fixed UL scheduling timing, but this results in UL peak data rate loss. If this is acceptable, the unified design criteria of the DCI for both the DL and UL are applied.

The UL-DCI design for UL self-scheduling can be summarized as follows.
· In TDD-FDD CA, when the PUCCH is transmitted on PCell only, for the transmission of the UL grant DCI for self-scheduling,

· If the PCell is FDD, the UL grant DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell if the UL-DL configuration of the TDD SCell is other than #0.

· If the PCell is FDD, and if the UL-DL configuration of the TDD SCell is #0, using TDD-DCI by which an UL index is available, or using FDD-DCI by which an UL index is not available, can be considered.

· Unified DCI design is achievable for both the UL and DL if FDD-DCI is adopted, but there would be an UL scheduling restriction when the UL-DL configuration is #0.

· If the PCell is TDD, the UL grant DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
Between TDD-DCI and FDD-DCI for the case when the PCell is FDD and the UL-DL configuration of the TDD SCell is #0, we have a slight preference toward using FDD-DCI, since this is aligned with the DCI design criteria for the DL resulting in simplifying the DCI design for TDD-FDD CA.
On UL cross-carrier scheduling, there are divergent views in RAN1. Depending on the scheduling/HARQ timing agreements, the DCI design may be impacted, e.g., whether or not an UL index is needed, whether or not both the UL DAI and UL index are needed, etc. As we described in our companion paper [1], we believe that self-scheduling should be prioritized. Therefore, even if it is decided to support UL cross-carrier scheduling, the cross-carrier scheduling/HARQ timing should be determined so that it does not impact the DCI design criteria.

For UL cross-carrier scheduling from FDD PCell to TDD SCell, if the TDD scheduled serving cell’s UL-DL configuration (Alt.UL-A1) is adopted for scheduling/HARQ timing, an UL index is necessary in the UL-DCI when the UL-DL configuration of the scheduled TDD cell is #0. On the other hand, if the 10ms HARQ RTT (Alt.UL-B1) is adopted for scheduling/HARQ timing, neither the UL DAI nor UL index is necessary. Therefore, Alt.UL-B1 allows to the use of FDD-DCI when the PCell is FDD. For UL cross-carrier scheduling from TDD PCell to FDD SCell, if the timing follows an UL-reference UL-DL configuration (Alt.UL-A2), when the reference configuration is #0, both UL index and UL DAI are required. In order to solve this, UL index or UL DAI should be eliminated. On the other hand, if the timing follows a 10ms RTT (Alt.UL-B2), UL DAI is needed but UL index is not necessary. Therefore, TDD-DCI can be used without modification. Note that eliminating UL index from Alt.UL-A2 results in the same UL peak data rate with Alt.UL-B2.  
Proposal 2:

· In TDD-FDD CA, when the PUCCH is transmitted only on the PCell, for the transmission of UL grant DCI  we consider the following.
· If the PCell is FDD, the UL grant DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

· If the PCell is TDD, the UL grant DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

· When the PCell is FDD, for self-scheduling on the TDD SCell, an UL index cannot be present when the UL-DL configuration of the TDD SCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

· When the PCell is TDD, for cross-carrier scheduling from the TDD PCell to FDD SCell, an UL index or UL DAI cannot be present when the UL-DL configuration of the TDD PCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

The proposed DCI design can be applied or extended to TDD-FDD dual connectivity and TDD-FDD CA with the PUCCH on the SCell. For these cases, a straightforward way to address this is to form multiple groups consisting of one or more cells, and configure the PUCCH to one cell in each cell group (one of the groups always includes the PCell in which the PUCCH is always present). Applying this DCI design to each cell group achieves TDD-FDD dual connectivity and TDD-FDD CA with the PUCCH on the SCell. Therefore, proposal 1 and proposal 2 should be extended as indicated below.

Proposal 3:

In TDD-FDD CA, TDD-FDD dual connectivity, and/or TDD-FDD CA with the PUCCH on the SCell, for the transmission of DL assignment DCI the following should be considered where the PUCCH cell refers to the cell in which the PUCCH corresponding to the PDSCH for the DL assignment DCI is transmitted.
· If the PUCCH cell is FDD, the DL assignment DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· If the PUCCH cell is TDD, the DL assignment DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell,
Proposal 4:

In TDD-FDD CA, TDD-FDD dual connectivity, and/or TDD-FDD CA with the PUCCH on the SCell, for the transmission of the UL grant DCI the following should be considered where the PUCCH cell refers to the cell in which the PUCCH corresponding to the PDSCH for the DL assignment DCI is transmitted.
· If the PUCCH cell is FDD, the UL grant DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· If the PUCCH cell is TDD, the UL grant DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· When the  PUCCH cell is FDD, for self-scheduling on the TDD SCell, an UL index cannot be present when the UL-DL configuration of the TDD SCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

· When the PUCCH cell is TDD, for cross-carrier scheduling from the TDD PCell to FDD SCell, an UL index or UL DAI cannot be present when the UL-DL configuration of TDD PCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without UL index.
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Fig. 2  TDD-FDD dual connectivity or TDD-FDD CA with PUCCH on SCell.
3. Multiple TA issue on TDD-FDD CA
The timing difference between TDD and FDD UL transmissions was pointed out in a contribution [2]. There is a fixed (624Ts, corresponding to roughly 20 us) UL transmission timing offset between TDD and FDD. Although this offset is within the range of the Rel. 11 multiple TA assumption (up to roughly 30 us), this may impact either the supportable non-co-located CA deployment scenario or UE multiple TA assumption.

Two alternatives are considered.

Alternative 1: The current multiple TA assumption in Rel. 11 is retained in Rel. 12 TDD-FDD CA. This may limit the supportable non-co-located CA deployment scenarios by multiple TA.

Alternative 2: Extend the maximum timing difference of the multiple TA assumption between TDD CC and FDD CC so that any non-co-located CA deployment scenario already supportable by TDD-TDD CA and FDD-FDD CA would also be supportable by TDD-FDD CA.

Alternative 2 requires more standardization effort in RAN1 and/or RAN4 and seems to be challenging considering the remaining time schedule on this WI. However, the non-co-located CA deployment scenario, i.e., CA scenario 4, is quite important for TDD-FDD CA and hence the scenario/use case should not be limited by the timing difference between TDD and FDD CCs. Therefore, RAN1 should consider reasonable solution for the issue of  maximum TA on TDD-FDD CA.
Proposal 5:

· The non-co-located CA deployment scenario, i.e., CA scenario 4, should not be limited by the combination of CC duplex-modes.

· RAN1 should consider reasonable solution for the issue of maximum TA on TDD-FDD CA.

4. Conclusion

In this contribution, we proposed the following.
Proposal 1:

· In TDD-FDD CA, when PUCCH is transmitted on the PCell only we consider the following. 
· If the PCell is FDD, the DL assignment DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

· If the PCell is TDD, the DL assignment DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

Proposal 2:

· In TDD-FDD CA, when the PUCCH is transmitted only on the PCell, for the transmission of UL grant DCI  we consider the following.
· If the PCell is FDD, the UL grant DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

· If the PCell is TDD, the UL grant DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.

· When the PCell is FDD, for self-scheduling on the TDD SCell, an UL index cannot be present when the UL-DL configuration of the TDD SCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

· When the PCell is TDD, for cross-carrier scheduling from the TDD PCell to FDD SCell, an UL index or UL DAI cannot be present when the UL-DL configuration of the TDD PCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

Proposal 3:

In TDD-FDD CA, TDD-FDD dual connectivity, and/or TDD-FDD CA with the PUCCH on the SCell, for the transmission of DL assignment DCI the following should be considered where the PUCCH cell refers to the cell in which the PUCCH corresponding to the PDSCH for the DL assignment DCI is transmitted.
· If the PUCCH cell is FDD, the DL assignment DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· If the PUCCH cell is TDD, the DL assignment DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell,
Proposal 4:

In TDD-FDD CA, TDD-FDD dual connectivity, and/or TDD-FDD CA with the PUCCH on the SCell, for the transmission of the UL grant DCI the following should be considered where the PUCCH cell refers to the cell in which the PUCCH corresponding to the PDSCH for the DL assignment DCI is transmitted.
· If the PUCCH cell is FDD, the UL grant DCI should be FDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· If the PUCCH cell is TDD, the UL grant DCI should be TDD-DCI regardless of whether the DCI is transmitted on the FDD or TDD cell.
· When the PUCCH cell is FDD, for self-scheduling on the TDD SCell, an UL index cannot be present when the UL-DL configuration of the TDD SCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without an UL index.

· When the PUCCH cell is TDD, for cross-carrier scheduling from the TDD PCell to FDD SCell, an UL index or UL DAI cannot be present when the UL-DL configuration of TDD PCell is #0. This should be addressed using a simple solution, e.g., fixed UL scheduling timing without UL index.

Proposal 5:

· The non-co-located CA deployment scenario, i.e., CA scenario 4, should not be limited by the combination of CC duplex-modes.

· RAN1 should consider reasonable solution for the issue of maximum TA on TDD-FDD CA.
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