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1
Introduction
In RAN1#74bis, the following agreements were reached regarding TDD-FDD carrier aggregation:

· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· 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
An additional topic requiring further discussion is whether cross-carrier scheduling will be supported in context of TDD-FDD CA. In this contribution we discuss the use cases of cross-carrier scheduling in context of TDD-FDD CA and the related impacts on HARQ and scheduling timing, and give our recommendation on the support of cross-carrier scheduling in TDD-FDD CA.
2
Use case of cross-carrier scheduling
Since Release 10, the main and practically the only use case of cross-carrier scheduling has been inter-cell interference coordination, where by use of cross-carrier scheduling, heavy interference on the control channels could in principle be avoided by restricting the scheduling to UEs supporting the optional cross-carrier scheduling feature. Such interference on the legacy control channels arises for instance in heterogeneous network deployments in which a UE may be located within a range expansion zone for improved small cell offloading, but suffering from heavy interference from the macro cell. Note, that the interference protection is only required for UEs connected to small cell nodes in the cell range expansion area, whereas all other UEs (connected to macro, or small cell outside cell range expansion area) do not have this issue. 
The primary use case of TDD-FDD CA in heterogeneous deployments is with FDD/TDD macro cells providing wide area coverage and TDD/FDD small cells providing additional capacity at a higher frequency band in specific hotspot locations. Typically, in such case, the small cells would only utilize TDD or FDD and the macro cells would only utilize FDD or TDD, and by aggregating both carriers the UE might get increased throughput (i.e. CA scenario 4 –type of deployment). In this case there is no need for cross-carrier scheduling as there is no co-channel interference between the small cell and the macro cell in the first place, as the macro and small cell layer are separated in frequency. 
Obviously, it could be also envisioned that both FDD and TDD would be used by at least the macro eNB, aggregating carriers for instance at 2 GHz and 2.6 GHz frequency bands. In such case, the abovementioned interference issues become more relevant. Even in such case it should be noted that the small cell eNB might still only utilize for instance TDD, in which case, if cross-carrier scheduling is used as a solution, only FDD to TDD cross-carrier scheduling would be needed to protect the UEs in range expansion zone from the macro (TDD) interference. Whether such scenarios, or scenarios with both FDD and TDD utilized in both the macro eNB and the small cell eNBs are of high relevance is still to be determined.
Furthermore, we emphasize that EPDCCH was already specified in Release 11 as one solution to control channel interference avoidance, and can readily support interference coordination/avoidance without additional cross-carrier scheduling support. Hence self-scheduling utilizing PDCCH and EPDCCH can already support the required functionality. It is also noted that cross-carrier scheduling tends to increase PDCCH capacity problems in heterogeneous deployments and therefore self-scheduling should be prioritized. In particular, the capacity issues would become a major problem in case of TDD Pcells if also all FDD Scell DL subframes need to be schedulable (cross-subframe scheduling required, see section 3.1). On the other hand also the Rel-11 feICIC methods are available for interference coordination.
It is further noted that in uplink, a typical UE that is not capable of UL CA would only be transmitting on the Pcell. Since Pcell is always self-scheduled, in uplink the use cases of cross-carrier scheduling would be limited to UEs capable of UL CA.
We can summarize the above discussion with following observations:

Observations: 
-
In the most typical TDD-FDD CA deployments, cross-carrier scheduling is not needed.
-
For other types of TDD-FDD CA deployments, PDCCH and EPDCCH with self-scheduling already provide the required tools also for carrier-based interference coordination.
-
Uplink cross-carrier scheduling would anyway only be possible for UEs capable of UL CA.
3
Impacts on HARQ and scheduling timing

As discussed in the previous section, the use cases and scenarios for cross-carrier scheduling in context of TDD-FDD CA are far from clear. From that perspective, it would be important to weigh the potential use cases against the required specification and implementation complexity. Here we discuss the potential methods for providing cross-carrier scheduling support for downlink (section 3.1) and uplink (section 3.2).

3.1
Cross-carrier scheduling in downlink
For PDSCH cross-carrier scheduling on a TDD Scell from an FDD Pcell/Scell, basically everything is already supported in the current specifications as the FDD carrier has the downlink subframes always available for transmitting the DL grants for the TDD Scell. 
However, cross-carrier scheduling of PDSCH on an FDD Scell from a TDD Pcell/Scell is much more problematic due to absence of certain downlink subframes on the TDD cell. Basically two solutions could be envisioned:
· Accepting scheduling restrictions when FDD PDSCH is cross-carrier scheduled from a TDD Pcell/Scell.
· Introducing (cross-carrier) cross-subframe scheduling for PDSCH.

Needless to say, the first option would result in rather heavy scheduling restrictions and as such somewhat undermine the whole purpose of carrier aggregation. On the other hand, the second option would require rather significant modifications to the specifications and implementation. Hence, clear use cases and scenarios should be identified for cross-carrier scheduling of FDD PDSCH from a TDD Pcell/Scell before embarking on any of these approaches.
3.2
Cross-carrier scheduling in uplink
Cross-carrier scheduling in uplink is even more complicated than in downlink, particular in case of having TDD as the scheduling cell. Again, the cases with FDD as the scheduling cell and TDD as the scheduling cell are treated separately in the following. As noted earlier, cross-carrier scheduling in uplink in general is only applicable to UL CA capable terminals. This functionality is not useful for the vast majority of TDD-FDD CA UEs supporting only single UL.
In case of utilizing the FDD carrier as the scheduling cell, one possibility is utilizing the existing TDD PUSCH timing for cross-carrier scheduled TDD cell as the downlink subframes on the scheduling FDD cell are always available for PHICH transmissions. Still, since within one FDD downlink subframe there can be PHICH transmissions corresponding to PUSCH transmissions on the FDD UL carrier as well as corresponding to PUSCH transmissions in potentially multiple UL subframes on the TDD carrier, special attention needs to paid on the PHICH resource allocation. Note that utilizing the FDD UL timing for the cross-carrier scheduled TDD cells’ PUSCH in this case would be problematic as there may not be available UL subframes for synchronous HARQ retransmissions on the cross-carrier scheduled TDD carrier if the FDD UL timing is followed for the retransmissions. The problem could be avoided by modifying the timing between the (re)transmission scheduling by PHICH or an UL grant on the scheduling FDD cell and actual PUSCH transmission on the cross-carrier scheduled TDD cells. This would essentially introduce a new timing scheme, considerably increasing the required specification and implementation modifications.
As mentioned, in case of utilizing the TDD carrier as the scheduling cell, cross-carrier scheduling of the FDD cells’ PUSCH becomes even more complicated. One possibility is to utilize the FDD UL timing, i.e. schedule PUSCH in subframe n+4 by an UL grant in subframe n on the TDD carrier. However, since not all DL subframes are available on the TDD scheduling cell for transmitting the UL grant corresponding to all FDD UL subframes, not all FDD UL subframes can be scheduled. The number of schedulable FDD UL subframes would correspond to the number of DL subframes on the TDD scheduling cell. The same problem of lacking necessary DL subframes on the TDD scheduling cell also exists with PHICH. In principle, the challenge could be overcome by introducing an extended cross-subframe scheduling also for FDD SCell PUSCH, however considering the practical use cases of uplink cross-carrier scheduling, that would seem to imply unreasonably high specification complexity.

Another possibility is to utilize the TDD timing for PUSCH scheduling as well as for PHICH transmission. Several options exist in this case:
1) Utilizing the UL timing of the TDD Pcell also for the FDD Scells: Obviously, the FDD UL could be treated similarly as TDD Scell UL in Rel. 11 TDD CA when the TDD Scell has the same DL-UL configuration as the TDD Pcell. The major drawback is that only a subset of the FDD UL subframes corresponding to the number of UL subframes of the TDD Pcell are schedulable in this case, resulting in major throughput losses compared to self-scheduling.
2) Utilizing the timing of an UL reference configuration for the FDD Scell: The FDD UL timing could also follow a specific UL reference configuration, similarly to Rel. 11 TDD CA when the cells have different DL-UL configurations. By utilizing a more UL-heavy UL reference configuration for the FDD SCell UL, the scheduling restriction for FDD UL can be relaxed slightly, however still at most 60% of the UL resources are schedulable and hence still huge throughput losses compared self-scheduling would be introduced.
3) Introducing new UL timing for cross-carrier scheduled FDD UL Scell: New timing could in principle be specified for purposes of scheduling the FDD UL subframes that are not schedulable by using existing timing schemes. However, in addition to timing, this could imply changes to DCI formats as well as to PHICH resource allocation. Also the number of HARQ processes for FDD UL would need to be increased.
Hence, without major standard changes, UL cross-carrier scheduling can only be supported with heavy scheduling restrictions on the FDD UL in case of TDD Pcell. It should be noted in case of self-scheduling, support of TDD-FDD CA for PUSCH is very straightforward as the existing HARQ-ACK timing schemes can be utilized [1].
As a summary, we observe big specification complexities involved in support of cross-carrier scheduling, both in downlink and uplink.
Observations:

· Full support of cross-carrier scheduling of FDD PDSCH from a TDD Pcell/Scell requires introduction of cross-subframe scheduling for PDSCH with unreasonably high specification complexity for the practical use cases of PDSCH cross-carrier scheduling.
· Alternatively severe scheduling restrictions are introduced.

· Introducing uplink cross-carrier scheduling introduces either severe scheduling restrictions or unreasonably high specification complexity for the practical use cases of PUSCH cross-carrier scheduling.
4
Conclusions

In this contribution we have discussed support of cross-carrier scheduling in context of TDD-FDD CA. We have noted that the use cases and scenarios where cross-carrier scheduling is required and which are not already supported by other existing functionalities are very unclear. In addition, we have highlighted the rather big complexity involved in the specification of TDD-FDD cross-carrier scheduling. In light of our observations in this contribution, we have the following recommendation:
Proposal:
· Do not support cross-carrier scheduling between FDD and TDD cells.
· Focus the effort in the TDD-FDD CA work item on the self-scheduling case.
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