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1. Introduction
According to the objective of the working item for FDD-TDD carrier aggregation, introduction of LTE TDD-FDD carrier aggregation in Rel-12 should support either TDD or FDD as PCell satisfying the following conditions [1].
· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers

· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network

· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network

· No new TDD UL-DL configuration is introduced

· Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11.
This contribution reviews scenarios and operations in FDD-TDD carrier aggregation. Potential issues, impact, benefits, and complexity in UL/DL control channel structure and physical layer procedures are identified and addressed. 
2. Discussion for scenarios and operations
2.1 Scenarios for FDD-TDD carrier aggregation
Based on given scenario target in the working item and conclusions on scenarios to be supported by TDD-FDD joint operation in the last RAN1 meeting, scenarios to be supported in FDD-TDD carrier aggregation should at least include scenarios in the conclusion [2]. 
Conclusions: 

Scenarios to be supported by TDD-FDD joint operation:

· FDD+TDD co-located (CA scenarios 1-3), and FDD+TDD non-co-located with ideal backhaul (CA scenario 4)

· FDD+TDD non-co-located (small cell scenarios 2a, 2b, and macro-macro scenario), with non-ideal backhaul, subject to the outcome of the non-ideal backhaul related study items where relevant.
The scenarios in first sub-bullet ought to be considered at this stage while the second sub-bullet is subject to the outcome of another study. In case FDD+TDD non-co-located with non-ideal backhaul is supported, synchronization between aggregated FDD and TDD carriers should be handled further. 
2.2 Difference between LTE FDD and TDD
In current Rel-10/11 carrier aggregation, carriers with the same duplexing, frame structure, channels, signals, etc. are aggregated. In FDD-TDD carrier aggregation, however, carriers with different duplexing, frame structure, channels, signals and procedures are going to be aggregated. Before discussion on potential issues related to FDD-TDD carrier aggregation, it would be helpful to quickly review difference between LTE FDD and TDD. 

The FDD and TDD versions of LTE have been designed similar on purpose to facilitate transition between two version for vendors and operators.  In fact, most differences are in the physical layer and, as a result, the version implemented is transparent to the higher layers. 
The following features, at least, are different between LTE TDD and FDD.
· Frame structure
· A special subframe that allows switching between downlink and uplink transmission is adopted in TDD, but not in FDD. 
· Different PSS/SSS locations between FDD and TDD. 

· Random access configuration

· Several additional random access formats exist in certain subframes for TDD. For example, PRACH preamble format 4 is TDD-specific. 
· Several random access channels exist in every subframe for TDD. 

· Scheduling 
· The scheduling for the uplink is multi-frame in TDD and per-subframe in FDD. 
· HARQ and ACK/NACK: 
· The number of HARQ processes depends on  the uplink/downlink resource allocation. 

· Multiple acknowledgements and negative acknowledgements are combined on the uplink control channels for TDD. This ultimately leads to increased control signaling and lower spectrum and resource utilization. 
· HARQ round trip time is always n+4 for FDD but it's n+k for TDD where k depends on frame configuration.
· Guard  periods
· Guard periods are used in the center of special subframes for TDD. They allow for the advance of the uplink transmission timing.
2.3 Issues in FDD-TDD carrier aggregation
A. Numbers of FDD or TDD carriers to be aggregated

In current Rel-10/11 carrier aggregation, a CIF field of 3 bits can support carrier indication of up to 8 carriers. Up to 5 carriers are specified as possible to be aggregated in current specification. In distinct regions, different combinations of carrier aggregation are demanded. However, the specification should have a generic framework to support varied requirements in different areas for now and future. Therefore there should be no limit on numbers of FDD and TDD carriers in FDD-TDD carrier aggregation. 
Proposal #1: No limitation on numbers of FDD and TDD carriers in FDD-TDD carrier aggregation

Different regions might have their own requirement for combination of FDD and TDD carriers. These requirements can be identified with in frequency-specific arrangement. 

B. Cross-carrier scheduling between TDD and FDD

In current Rel-10/11 carrier aggregation, aggregated carriers have the same duplexing, frame structure, channels, signals, etc. are aggregated. Cross-carrier scheduling between aggregated carriers are always have the same features.

In FDD-TDD carrier aggregation, however, carriers with different duplexing, frame structure, channels, signals and procedures are going to be aggregated. How to handle timing, delay, and format difference between FDD and TDD carriers is quite difficult. Considering the differences reviewed in previous subsection 2.2, cross-carrier scheduling between FDD and TDD should not be supported for FDD-TDD carrier aggregation. 
Proposal #2: Cross-carrier scheduling between FDD and TDD should not be supported for FDD-TDD carrier aggregation
3. Conclusions

This contribution reviews scenarios and operations in FDD-TDD carrier aggregation. Potential issues, impact, benefits, and complexity in UL/DL control channel structure and physical layer procedures are identified and addressed. 

For numbers of FDD or TDD carriers to be aggregated, our proposal is: 
Proposal #1: No limitation on numbers of FDD and TDD carriers in FDD-TDD carrier aggregation

For Cross-carrier scheduling between TDD and FDD, our proposal is: 
Proposal #2: Cross-carrier scheduling between FDD and TDD should not be supported for FDD-TDD carrier aggregation
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