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1 Introduction

In RAN1 #74b meeting, the following observations were raised as questions for future discussion points on TDD-FDD CA:

Observations:

· 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)

In addition, RAN1 made some agreements relevant to above points which include:

	Agreements:

· 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

Agreements:

· 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

Agreement:

· 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


This contribution provides our views on the remaining discussion points, i.e. support of cross-carrier scheduling and whether to use PCell or SCell for PUCCH transmission. The details on DL/UL HARQ/scheduling issues for TDD-FDD CA are discussed in our companion contributions in case of TDD PCell and FDD PCell, respectively [1], [2].
2 Open questions and views
Q1: Whether or not cross-carrier scheduling is supported? 
One of the motivations for introducing cross-carrier scheduling in Rel-10 was to provide protection to PDCCH against harsh interference situations. With cross-carrier scheduling, PDCCH can be transmitted from a cell with a lower level of interference while DL data transmissions can be using FDM ICIC. EPDCCH introduced in Rel-11 may reduce the need for cross-carrier scheduling, as it removes the motivation to protect the DL/UL grants from interference. However, cross-carrier scheduling can still be beneficial in case the PCell has a larger DL bandwidth than a SCell and for this reason, it is also supported in case of EPDCCH. A second reason for supporting cross-carrier scheduling is that EPDCCH is an optional feature in Rel-11 and, even if deployed, it has about 3dB worse BLER than PDCCH implying a doubling in control overhead. A third reason for supporting cross-carrier scheduling is that the use of EPDCCH can result into bandwidth fragmentation in a small cell as several PRB pairs may need to be used in order to transmit one or two DCI formats; in such cases, it is preferable to transmit the DCI formats from the macro PCell (subject to PDCCH capacity). A fourth reason to support cross-carrier scheduling is that a typical operating scenario for FDD-TDD CA is with the PCell operating at a lower carrier frequency than SCells and then PDCCH transmissions from the PCell can experience a much smaller path-loss than PDCCH transmissions in the SCell and it is therefore beneficial for the control signaling to be at the cell operating with a lower carrier frequency. 
While cross-carrier scheduling may increase the specification impact, this additional impact needs to first be assessed and, for cases that the tradeoff of specification complexity vs. benefits for cross-carrier scheduling is deemed to be negative, such cases may not be supported in Rel-12. For example, cross-carrier scheduling from a TDD PCell to a FDD SCell may require multi/cross-subframe scheduling and the associated specification complexity needs to be further considered before specifying cross-carrier scheduling in that case.

Proposal 1: Cross-carrier scheduling between a FDD PCell and a TDD SCell is supported. Cross-carrier scheduling between a TDD PCell and a FDD SCell is FFS.

Q2: Whether or not to support PUCCH on Pcell or Scell?
In Rel-10/11, PUCCH is transmitted on only one 1 CC (PCell) although there can exist multiple UL CCs where PUCCH can be transmitted. The main reason is that UL CA capability is UE-specific and some UEs may support only 1 UL CC.
In RAN1#74b, the following agreement was made:
· 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
The above agreement implies that, as for Rel-10/11, a UE that is not capable of UL CA transmits PUCCH only on the PCell. However, TDD-FDD CA poses new operating conditions that were not applicable in Rel-10/11. One such condition is the support of a TDD PCell. In that case, HARQ-ACK transmissions for PDSCHs in FDD SCells will have to incur increased latency. A total payload will also increase (thereby decreasing reliability) as HARQ-ACKs for multiple DL subframes will need to be transmitted in a single UL subframe. And then, the specification impact can actually be larger than to allow HARQ-ACK to be transmitted at a FDD SCell. Moreover, if UCI transmission can only occur on the PCell, this can create severe overhead issues in case the PCell is a macro that serves many SCells (small cells) [3] or in case the PCell is a TDD one.
Proposal 2: Consider enabling PUCCH transmission on a Scell for Rel-12.

3 Conclusions
This contribution considered the open questions for TDD-FDD CA and proposes the followings:
Proposal 1: Cross-carrier scheduling between a FDD PCell and a TDD SCell is supported. Cross-carrier scheduling between a TDD PCell and a FDD SCell is FFS.
Proposal 2: Consider enabling PUCCH transmission on a Scell for Rel-12.
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