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1. Summary
In RAN plenary #60, a new work item was approved for LTE TDD-FDD joint operation [1]. As the starting point, RAN1 will identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation. 
In this contribution, we analyse the benefits of TDD-FDD CA, and present several use cases for TDD-FDD CA. Furthermore, we mention some potential enhancements required on the equipment and PHY layer procedures to support joint TDD-FDD operation.

2. Deployment scenarios for TDD-FDD CA
In carrier aggregation (CA), more than one serving cell can be aggregated to a UE. Until now, CA is supported for FDD and TDD networks respectively, but not for hybrid duplexing networks with FDD cells and TDD cells. Currently, FDD-LTE networks are more widely deployed than TDD-LTE networks. However, TDD-LTE deployment is increasing and becomes very attractive in some markets.
FDD network requires paired DL and UL spectrum. Conversely, TDD only needs one carrier. Furthermore, a TDD network may select from 7 different TDD UL/DL configurations for different UL/DL traffic ratios. A TDD cell may perform dynamic UL/DL reconfiguration with traffic adaptation, as currently under discussion in eIMTA WI [2]. Thus, TDD has better flexibility on spectrum usage and consequently better spectrum efficiency than FDD.
The wireless spectrum is a scarce and precious resource around the world to catch up with the mobile traffic explosion nowadays. The newly allocated or vacant spectrum tends to be more fragmented with smaller bandwidth, which may be difficult to use for a FDD network due to limited bandwidth, but is suitable for a TDD network. 

Here after, we present several possible deployment scenarios for joint TDD-FDD operation.
Scenario 1: CA with FDD and TDD on different frequency bands

Figure 1 shows a CA scenario with both FDD and TDD cells. The FDD cell may be an existing FDD-LTE frequency band F1. The TDD cell may be allocated on another frequency band F2 that does not have enough bandwidth or separation for FDD deployment. The TDD-FDD CA enables better spectrum usage for fragmented frequency carriers.
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Figure 1: CA with FDD and TDD cells on different bands
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Figure 2: Heterogeneous network with TDD-FDD CA

Scenario 2: Heterogeneous network with macro cell FDD and pico cell TDD

In a typical heterogeneous network with macro and pico deployment, the pico cells serve small areas may have very different loads and UL/DL traffic ratios. A TDD network, esp. with traffic adaptation (i.e. eIMTA TDD cell) is ideal for the pico cell and small cell deployment. As shown in Figure 2a, the macro cell is deployed on frequency band 1 (F1) with FDD, and the pico cells are deployed on frequency band 2 (F2). The macro cell may be an existing FDD-LTE deployment on a lower frequency band, and the F2 may use a fragmented carrier or a higher frequency band (e.g. 3.5GHz).
Scenario 3: Heterogeneous network with macro-cell TDD and pico cell FDD

If the existing macro LTE network is TDD, the pico cell may also use TDD. The pico cell TDD UL/DL configurations may be different from that of the macro cell, as already supported in Rel-11. Furthermore, eIMTA may be supported on the pico cells. Thus, TDD-FDD CA may not be necessary.
On the other hand, if a frequency band is not suitable for macro cell deployment (e.g. due to high frequency and bad propagation characteristics) and the bandwidth is big enough for a FDD cell, the frequency band can be used for pico cells with FDD-LTE instead, as shown in Figure 2b. 

3. eNB and UE requirements to support TDD-FDD CA
In Scenario 1, a primary cell (PCell) may be a FDD cell or a TDD cell. In Scenario 2 and Scenario 3, a PCell may be a macro cell or a pico cell. Thus, the TDD-FDD CA should support either TDD or FDD as PCell. 
The legacy FDD UEs may connect to FDD carriers and legacy TDD UEs may connect to TDD carriers. Therefore, each FDD and TDD cell should support the same frame formats, channel formats and procedures as in previous releases. UEs supporting FDD-TDD CA shall be able to access both legacy FDD and legacy TDD single mode carriers. 
The eNBs supporting FDD-TDD CA should support independent single FDD and TDD cell operation for legacy UEs, and the new feature enhancement introduced for FDD-TDD CA UEs. Some enhancements need to be considered for TDD-FDD CA, including:
· An eNB should be able to schedule DL and UL transmissions for both TDD and FDD cells with self-scheduling and/or cross-carrier scheduling.

· A UE should be able to report the HARQ-ACK bits for both TDD and FDD cells on a PUCCH or PUSCH on a cell with either FDD or TDD.

· For PUCCH reporting on PCell only, the DL association and HARQ-ACK timing should be further studied for a SCell with different duplexing method from the PCell.

· Multiple PUCCH or PUCCH on SCell should be further studied.

4. Conclusions
In this contribution, we present several scenarios of TDD-FDD CA. TFF-FDD CA provides more flexibility for network deployment and spectrum usage, esp. for heterogeneous macro and pico networks. The eNB and UE requirements for supporting TDD-FDD CA are also discussed briefly. Based on the discussion, we propose:
Proposal 1: TDD-FDD CA should be supported with either TDD or FDD as PCell.

Proposal 2: The enhancements for TDD-FDD CA should be further studied.
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