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1. Introduction
During RAN1#74bis, one observation on the issues needs to be clarified in TDD-FDD carrier aggregation is how to support data scheduling and HARQ report timing [1]. In particular, the following operations should be considered when deciding HARQ report timing:
· DL self-carrier scheduling
· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)

In addition to the above observation, RAN1 has also reached on the following agreements and assumptions:

· 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
· TDD and FDD cells are synchronized
· Ideal backhaul is assumed for TDD-FDD CA
· A TDD-FDD CA-capable UE supports TDD-FDD DL CA
· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA
· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL (minimum 2DL + 1UL)
· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12 (full duplex)
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded
From the above outcomes of RAN1#74bis meeting, one open question is whether to support cross-carrier scheduling for both DL and UL in TDD-FDD CA. To this end, it is perhaps best to first clarify the meaning of DL cross-carrier scheduling and UL cross-carrier scheduling. To our understanding, at least for the purpose of discussion in this contribution:
· DL cross-carrier scheduling is referred to the transmission of DCI formats from one serving cell that provides downlink assignment of DL-SCH on PDSCH transmitted on another serving cell.

· UL cross-carrier scheduling is referred to the transmission of DCI formats from one serving cell that provides UL grants for PUSCH transmission on another serving cell.
2. Discussions
2.1. On whether to support of cross-carrier scheduling (DL & UL)
For carrier aggregation in Rel-10/11, main motivations of introducing the feature of cross-carrier scheduling (which includes both DL and UL transmission directions) were to facilitate
· inter-cell interference coordination on the legacy control region (also commonly known as PDCCH ICIC) in HetNet deployments,
· control signalling offloading between carrier aggregated cells, and

· DL data throughput improvement on SCells through the use of higher layer parameter pdsch_Start.
In Rel-12, we see the same motivations/benefits would still be equally applicable for TDD-FDD CA, especially in CA scenario 4 where the number of small cell RRHs are large and support of higher downlink throughput on SCell (compared to self-carrier scheduling) is important.
Additionally, if DL cross-carrier scheduling is supported for TDD-FDD CA, UL cross-carrier scheduling should also be supported (and vice-versa). That is, they should not be separately considered but rather should be jointly supported or not supported. This is from the design principal of this feature in Rel-10/11 that when a UE is configured with cross-carrier scheduling from higher layer parameter cif-Presence set to TRUE in IE CrossCarrierSchedulingConfig, the carrier indicator field value, identifying the serving cell that is being cross-carrier scheduled, will be given in all applicable DCIs according to 36.212 and 36.213 irrespective of the DCI format that is either for downlink assignment or UL grant. If UL and DL cross-carrier scheduling are to be separately supported in Rel-12 TDD-FDD CA, a few issues would arise (from Rel-10/11 operation):

· The size of DCI format 0/1A/3/3A is intentionally made the same to reduce the number of blind decoding candidates. If their sizes would be different due to carrier indication field exists in some but not all DCI formats, the number of blind decoding candidates will increase.
· If only DL cross-carrier scheduling is supported and configured, uplink DCI formats and PHICH are then necessary to be transmitted on the SCell and UEs would have to monitor both legacy control regions on PCell and SCell.

· Complication to the existing use of higher layer parameter pdsch_Start, since PDCCH transmissions on SCells is still needed for carrying either downlink assignments or UL grants (UE would still be required to monitor USS on both carriers), if only DL or UL cross-carrier scheduling is configured. And hence provides no improvement to the DL data throughput on the SCells.
· Additional RRC signalling parameter value(s) and UE capability signalling in RAN2 specification.

· Impact to RAN1 specifications in 36.212 and 36.213, where additional description would be need to distinguish cross-carrier aggregation in DL and UL directions.
Based on the above considerations, there seems to be no strong motivation to why DL and UL cross-carrier scheduling should be separately supported. Additionally, all of the aforementioned benefits from using cross-carrier scheduling in Rel-10/11 CA are still equally applicable to TDD-FDD CA, therefore, we propose the following:

Proposal 1: Cross-carrier scheduling should be supported, and DL & UL cross-carrier scheduling should not be separately configured in TDD-FDD CA.
2.2. On how to support of cross-carrier scheduling (DL & UL)
Retaining the same working mechanism of cross-carrier scheduling from Rel-10/11 CA, Figure 1 illustrates an example when FDD is the PCell and TDD as a SCell being cross-carrier scheduled by the PCell. For the TDD SCell, UL-DL configuration #1 is assumed.
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Figure 1: Cross-carrier scheduling for FDD PCell and TDD SCell with UL-DL Configuration #1.

As shown in Figure 1, we have the following observations.
· In DL cross-carrier scheduling (DL-CCS), in reference to Figure 1a:

· From the FDD PCell, not all downlink subframes have the opportunity/necessity to cross-carrier schedule the TDD SCell, due to not all subframes are for DL transmission in TDD. Specifically in TDD UL subframes #2, #3, #7 and #8, DL-CCS from the FDD PCell is not required and hence it would not be necessary for UE to blind decode DCI formats on PCell (E)PDCCH that are related to downlink assignments for the SCell. In these subframes, UE could perform blind decoding of downlink assignment DCIs for the PCell only (self-carrier scheduling) to save power.
· On the other hand, for the case of TDD SCell is eIMTA-enabled and a UE has missed detection of reconfiguration signalling on PCell common search space, the UE would have no knowledge about the new UL-DL configuration of the TDD SCell. In such case, the UE should then continue to monitor DCI formats for downlink assignment of the TDD SCell until the new UL-DL configuration can be determined.
· In UL cross-carrier scheduling (UL-CCS), in reference to Figure 1b:

· According to UL grant timing for UL-DL configuration #1 (Table 8-2 in TS36.213), UE is only required to monitor uplink DCI formats and PHICH for SCell in subframes #1, #4, #6, and #9 on the FDD PCell. However, this power saving may not be always achievable when the TDD SCell is eIMTA-enabled and the UE has missed the reconfiguration signalling.
Observation 1: When FDD is the PCell and TDD as a SCell being cross-carrier scheduled by the PCell, the existing Rel-10/11 cross-carrier scheduling mechanism is still functional with all DL & UL subframes of the TDD SCell be fully utilised.

For the case when TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, as illustrated in Figure 2 for UL-DL configuration #0 in TDD PCell as an example, we have the following observations.
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Figure 2b: UL Cross-Carrier Scheduling




Figure 2: Cross-carrier scheduling for TDD PCell with UL-DL Configuration #0 and FDD SCell.
· In DL cross-carrier scheduling (DL-CCS), in reference to Figure 2a:

· It is clear that there can be up to 6 DL subframes in the FDD SCell that cannot be cross-carrier scheduled (60% of FDD DL resources will not be utilised) with the existing DL-CCS mechanism, since downlink DCI formats applies only to the immediate subframe. Even with semi-persistent scheduling, although it is intended for low data rate application like VoIP, usually the update rate is a slow process of minimum 10ms and it does not support cross-carrier scheduling.
· Possible solutions in dealing with this issue:
· Option 1: Follow the same agreement/mechanism in Rel-11 for different UL-DL configurations in different bands. This option may be acceptable in Rel-11 as there are in most cases only small number of DL subframes that would not be scheduled for downlink transmission and this impact can be limited by avoiding certain combination of UL-DL configurations in different cells (e.g. avoid Config#0 in PCell to pair with Config#5 in SCell for cross-carrier scheduling). However, adopting this option would be very restrictive for TDD-FDD CA by limiting UL-DL configurations #0, #1, #3, #6 being used in cross-carrier scheduling.
· Option 2: Allow self-carrier scheduling in SCell DL subframes where it is not possible to be cross-carrier scheduled from the PCell (e.g. subframes #2, 3, 4, 7, 8, 9 in Figure 2a). This would introduce quite a complication in configuring the pdsch_Start parameter in different subframes on the SCell or perhaps the PDSCH starting symbol / legacy control region can be derived from CFI. Additionally, this approach may lead to more open questions rather than resolving the resource underutilisation issue that is currently being considered.
· Option 3: Combination of cross-carrier & multi-subframe scheduling as shown in Figure 2a, where SCell DL subframes #2, 3, 4 are being scheduling by the PCell in subframe #1, and SCell DL subframes #7, 8, 9 are being scheduling by the PCell in subframe #6. The concept of multi-/cross-subframe scheduling is a straight forward scheme that extends the existing cross-carrier scheduling to further include downlink assignments across multiple subframes. This can be done by either applying same downlink DCI across multiple subframes or providing multiple downlink DCIs for different subframes within one (E)PDCCH.
· In UL cross-carrier scheduling (UL-CCS) , in reference to Figure 2b:

· As shown in Figure 2b, there are 6 UL subframes in the FDD SCell that cannot be cross-carrier scheduled if UL scheduling follows the FDD timing, and 4 UL subframes in the FDD SCell that cannot be cross-carrier scheduled if UL scheduling follows the TDD timing (40% of FDD UL resources will not be utilised).

· Similar to the case for DL-CCS just above, the same set of possible solutions can be adopted in dealing with this issue (Option 1 to 3).
· Option X: Same as the Option 1 above for DL-CCS that follow the same agreement/mechanism in Rel-11 for different UL-DL configurations in different bands. That is, there would be some UL subframes on the FDD SCell cannot be scheduled for PUSCH transmission. Therefore, adopting this option would be very restrictive for TDD-FDD CA.

· Option Y: Similar to the Option 2 above to enable self-carrier scheduling for PUSCH transmission on subframes where it is currently not possible to be UL cross-carrier scheduled from the PCell. Using the example shown in Figure 2b, if TDD timing is followed in UL cross-carrier scheduling, SCell UL subframes #0, 1, 5, 6, cannot be UL scheduled. Using this Option of self-carrier scheduling, uplink DCI would need to be provided correspondingly in (E)PDCCH of SCell DL subframes #6, 7, 1, 2, by following FDD self-carrier scheduling timing. However, the drawbacks is the same as Option 2 above with complication in configuring the pdsch_Start parameter this may lead to more open questions rather than resolving the resource underutilisation issue that is currently being considered.

· Option Z: The concept of multi-subframe scheduling for PUSCH transmission in more than one subframe, based on the MSB and LSB of the UL index, is already supported from the existing specification (Section 8.0 of TS36.213). However, this mechanism currently only specified for UL-DL configuration #0, and for which, the mechanism still won’t be able to schedule PUSCH transmission in subframes #0, 1, 5, 6, as shown in Figure 2b. For this option, one could consider to extend this multi-subframe scheduling for PUSCH to cover more uplink subframes in FDD SCell and other UL-DL configurations as well. Or alternatively, to explicitly apply the same uplink DCI across multiple UL subframes or to provide multiple uplink DCIs for different subframes within one (E)PDCCH.
Based on the above discussions, we summarise the main observations and proposals in the followings.
Observation 2: When TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, the existing Rel-10/11 cross-carrier scheduling mechanism would be insufficient in full utilizing all available downlink and uplink subframes of the FDD SCell. There can be up to 60% of DL resource wastage on the SCell not being used for DL transmission when UL-DL configuration #0 is used, and up to 50% of UL resource wastage on the SCell not being used for UL transmission when UL-DL configuration #6 is used.
Proposal 2: When TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, a solution should be defined to resolve the resource underutilisation issue.

Proposal 3: Further study Option 2 (self-carrier scheduling) and Option 3 (multi-/cross-subframe scheduling) for resolving the resource underutilisation issue in DL cross-carrier scheduling.
Proposal 4: Further study Option Y (self-carrier scheduling) and Option Z (multi-/cross-subframe scheduling) for resolving the resource underutilisation issue in UL cross-carrier scheduling.
3. Conclusion 

In this contribution, we provided considerations on whether to support cross-carrier scheduling and how to support cross-carrier scheduling in TDD-FDD carrier aggregation. In the course of the discussion, we identified an issue of resource underutilisation when TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, and discussed a several potential solutions to resolve this issue in both DL and UL.
Below we summarise all the proposals and observations from the main discussion section of this contribution.
Proposal 1: Cross-carrier scheduling should be supported, and DL & UL cross-carrier scheduling should not be separately configured in TDD-FDD CA.
Observation 1: When FDD is the PCell and TDD as a SCell being cross-carrier scheduled by the PCell, the existing Rel-10/11 cross-carrier scheduling mechanism is still functional with all DL & UL subframes of the TDD SCell be fully utilised.

Observation 2: When TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, the existing Rel-10/11 cross-carrier scheduling mechanism would be insufficient in full utilizing all available downlink and uplink subframes of the FDD SCell. There can be up to 60% of DL resource wastage on the FDD SCell not being used for DL transmission when UL-DL configuration #0 is used, and up to 50% of UL resource wastage on the FDD SCell not being used for UL transmission when UL-DL configuration #6 is used.

Proposal 2: When TDD is the PCell and FDD as a SCell being cross-carrier scheduled by the PCell, a solution should be defined to resolve the resource underutilisation issue.

Proposal 3: Further study Option 2 (self-carrier scheduling) and Option 3 (multi-/cross-subframe scheduling) for resolving the resource underutilisation issue in DL cross-carrier scheduling.

Proposal 4: Further study Option Y (self-carrier scheduling) and Option Z (multi-/cross-subframe scheduling) for resolving the resource underutilisation issue in UL cross-carrier scheduling.
References

[1] RAN1 Chairman’s Notes from RAN1#74bis.
1

Page 1

