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1 Introduction

The following list of issues for TDD-FDD CA was observed during the discussion in RAN1 #74b [1]:

· Following issues need to be clarified in TDD-FDD CA

· How many CCs are supported?

· How to support or whether or not to support Tx/RX separation?
· Whether or not to support half-duplex?

· Which minimum UE capability should be assumed?

· Whether or not cross-carrier scheduling is supported?
· Whether or not to support PUCCH on Pcell or Scell?
· How to support HARQ/scheduling?

· DL self-carrier scheduling

· UL self-carrier scheduling

· DL cross-carrier scheduling (if supported)

· UL cross-carrier scheduling (if supported)

We discuss the cross-carrier scheduling issues in this contribution. We address the self-scheduling case in [2]
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[3] and CSI feedback enhancement in [4].
2 Discussion on cross-carrier scheduling support for TDD-FDD carrier aggregation

2.1 Use cases and scenarios
In Rel-10/11, the baseline operation is for each serving cell for a UE to send the scheduling information to the UE on the cell itself. The scheduling information transmission mechanism has also been substantially expanded by the introduction of EPDCCH in Rel-11. With the flexibility to configure the EPDCCH resource with different frequency resources, inter-layer/cell interference coordination can be achieved in a heterogeneous network even with self-scheduling. Therefore, self-scheduling with PDCCH and EPDCCH should be considered as the baseline solution for TDD-FDD CA. 

Cross-carrier scheduling is a redundant feature for Rel-12 TDD-FDD CA since the full mechanisms of EPDCCH have been completed in Rel-11 and well understood now. There is, e.g., no need to rely on PDCCH cross-carrier scheduling for heterogeneous network coordination as described in the above. The Rel-12 work on TDD-FDD CA should focus on completing the support of self-scheduling solutions first. Cost and benefit analysis of the cross-carrier scheduling solutions should be provided and discussed based on clearly defined use case and scenarios that cannot be adequately addressed via self-scheduling solutions with PDCCH or EPDCCH. 

Proposal 1 Clear scenario and benefit analysis, considering EPDCCH design from Rel-11, should be provide to justify support of cross-carrier scheduling for TDD-FDD CA.
2.2 Issues with mixed scheduling timings on a serving cell

In this section, we use the UL cross-carrier scheduling solution of Rel-11 interband TDD CA with different with different UL/DL configurations as a case study to illustrate the issues.

Firstly, the UL-reference configuration setting is an amalgam of several different categories, on top of which five more special cases are imposed. All these substantially increase the complexity and costs of UE and BS implementation and testing. 

Secondly, in many cases, the cross-carrier solution requires the UEs configured with UL cross-carrier scheduling to be scheduled at different times than other (non-CA or self-scheduling) UEs. Such heterogeneous scheduling timings makes it difficult to provide an effective prioritization of UEs in the scheduling processes, service prioritization policies and frequency- and spatial-domain scheduling and coordination effectiveness.

In summary, Rel-11 support of UL cross-carrier scheduling for interband TDD CA with different with different UL/DL configurations degrades UE and system performance and increases implementation complexity unnecessarily.
Table 1 Rel-11 UL-reference configuration for UL cross-carrier scheduling.
	UL-reference configuration for UL cross-carrier scheduling
	Scheduling cell SIB-1 UL-DL Configuration
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	6

	Scheduled cell SIB-1 UL-DL Configuration
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	0

	
	1
	1
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	Case B
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2.3 Requirements on cross-carrier scheduling support for TDD-FDD CA

Based on the above analysis, we propose

Proposal 2 If cross-carrier scheduling is justified with clear scenario and benefits for TDD-FDD CA, both DL and UL scheduling timings of a serving cell shall be the same for all UEs regardless of whether the UEs’ configurations (TDD-FDD CA or cross-carrier scheduling).

DL cross-carrier scheduling

For DL cross-carrier scheduling, the scheduling and HARQ-ACK timings of the PCell are applied to all SCells. Subframes that are not schedulable for the UEs configured with DL cross-carrier scheduling can be utilized by other UEs configured with self-scheduling or without CA. Hence, there is no system performance loss with the scheduling restriction of UEs with cross-carrier scheduling.

Cross-subframe scheduling had been discussed since Rel-10 with its drawbacks clearly discussed and well understood. First, cross-subframe scheduling requires UEs with such cross-subframe scheduling configurations to be scheduled at different time(s) than UEs not configured as such. This degrades effectiveness of service prioritization policies and frequency- and spatial-domain beam-forming scheduling and coordination as discussed in the above. Furthermore, the DL cross-subframe grant timings are dependent of specific composition of the aggregated cells and setting the cross-subframe grant timings based on closest available DL subframes from the Pcell may not result in appropriate system design. For the example of TDD configuration #1 PCell and FDD SCell, the eNB scheduler needs to make scheduling decisions for four DL subframes simultaneously, which would be a non-causal problem as the eNB may only precisely received the HARQ feedback for some of the subframe which it should then reschedule the HARQ processes for. For other examples of UL/DL configurations the eNB may not even have received the UL HARQ feedback yet. Consequently we observer that forward scheduling of subframes is not generally a feasible options since with the current HARQ timing the feedback may not have been received and consequently it may not be possible for the eNB to priorities scheduling in an effective way between different users. 
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Figure 1 DL cross-carrier scheduling timing illustration of TDD configuration #2 or #1 PCell and FDD SCell.

UL cross-carrier scheduling

For UL cross-carrier scheduling, the scheduled SCell shall follow its own PUSCH grant timing. 

· In the case of FDD as PCell, the scheduled TDD SCell shall also follow its own PHICH timing. Assuming UL power is not limiting, the UL peak rate increases by 10—60% with UL CA.

· In the case of the TDD as PCell, one possible solution is to set the PHICH timing to n+6 and to change the round-trip time of the FDD SCell HARQ processes to 10ms [7]
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[8]. The number of schedulable UL subframes on the FDD SCell is the same as the DL subframes on the TDD PCell. Assuming UL power is not limiting, the UL peak rate increases by 67—900% with UL CA. For a Category 3/4/6 UE, the UL peak rate with UL CA becomes 50Mbps for all combination of a TDD PCell and a FDD SCell.
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Figure 2 DL cross-carrier scheduling timing illustration of FDD PCell and TDD configuration #2 SCell. Solid lines indicate grant timing and dashed line indicate PHICH timing. The grant and PHICH timings of the TDD SCell follow its own timings.
[image: image4.png]D

DS.DDDS.DD

Conf #2 TDD

(Pcell

FDD

D|D|Df(D|D|D|D|D|D|D

D|D|D|D|DID|D|D|D|D





Figure 3 DL cross-carrier scheduling timing illustration of TDD configuration #2 PCell and FDD SCell. Solid lines indicate grant timing and dashed line indicate PHICH timing. For the FDD SCell, the grant timing is n+4 and the PHICH timing is n+6.

Further issues to be studied for cross-carrier scheduling support include at least

· DCI format issues [4]
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[6]
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[8]: If the target serving cell is of different duplex division type than the scheduling serving cell, there may be a mismatch of DCI formats. 

· Collision of PHICH resources.

3 Conclusions

In this contribution, we discuss the lack of use case and scenario to justify cross-carrier scheduling support for Rel-12 TDD-FDD CA considering that EPDCCH is completed in Rel-11. We further use the Rel-11 UL cross-carrier scheduling as a case study to illustrate the complexity and cost issues of such support. Base on the analysis, we propose:

Proposal 1 Clear scenario and benefit analysis, considering EPDCCH design from Rel-11, should be provide to justify support of cross-carrier scheduling for TDD-FDD CA.
Proposal 2 If cross-carrier scheduling is justified with clear scenario and benefits for TDD-FDD CA, both DL and UL scheduling timings of a serving cell shall be the same for all UEs regardless of whether the UEs’ configurations (TDD-FDD CA or cross-carrier scheduling).
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