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1 Introduction 

In RAN#60 meeting, a new WI on LTE TDD-FDD joint operation was approved [1]. The objective is to enhance LTE TDD – FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenario evaluation phase of the work item. According to the work plan, until RAN#61, we need to:

(1) Identify the deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation. 

(2) Based on the identified deployment scenarios and network/UE requirements, identify possible other solutions  for FDD-TDD joint operation for example multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes in addition to LTE TDD-FDD carrier aggregation.
We will discuss the first aspect in this contribution. The potential solutions for FDD-TDD joint operation other than CA will be discussed in our companion paper [2].
2 Deployment Scenarios
For the operators having both FDD and TDD spectrum, it is important that both pieces of spectrum can be utilized efficiently. Similar to Rel-10/11 CA, TDD-FDD joint operation is expected to improve spectral efficiency, load balancing, and/or user throughput (peak and average rate). TDD also provides a unique benefit of flexible DL-UL ratio to efficiently support asymmetric traffic. In this section, we discuss a few typical deployment scenarios.
2.1 Co-located FDD and TDD carriers
This corresponds to CA scenarios 1, 2 and 3. As shown in Figure 1, FDD and TDD carriers are located in the same eNB. The eNB can serve the FDD-only UEs on F1, the TDD-only UEs on F2, and the dual-mode FDD-TDD UEs on both carriers.
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Figure 1 Co-located FDD and TDD carriers
2.2 Heterogeneous network with non-co-located FDD and TDD carriers
As shown in Figure 2, FDD eNB and TDD eNB are non-co-located. This example has FDD on macro eNB, and TDD on pico eNB. Macro eNB can serve FDD UEs on F1, and pico eNB can serve TDD UEs on F2. The dual-mode UEs can connect to both macro eNB and pico eNB.
There are two sub-scenarios depending on the backhaul:
· Ideal backhaul between macro and pico eNB, which is CA scenario 4

· Non-ideal backhaul between macro and pico eNB, which is similar to scenario 2 in the small cell enhancement study on higher-layer aspects.
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Figure 2 Non-colocated FDD and TDD carriers
Note that the scenario with pico cells for coverage holes is not considered because the UE would not be able to connect to both macro and pico cells, and joint operation cannot be performed.
The number of carriers to be supported

In the examples shown above, only one FDD carrier and one TDD carrier are assumed. In reality, there can be multiple FDD carriers and/or multiple TDD carriers. For this WI, to be consistent with the way CA was specified in Rel-10 and to avoid having to specify the L1/2 aspects of the feature in multiple steps in different releases, ideally the RAN1/RAN2 specifications should support all possible different combinations of FDD and TDD carriers, including the case with different TDD DL/UL configurations on different bands if there are multiple TDD carriers. In other words, for TDD-FDD CA, it would be ideal to support in the L1/2 specifications up to 5 carriers with any combination of FDD and TDD carriers. However, this may be difficult (or too complicated) due to the scheduling and HARQ timing interaction among the carriers. Previously when multiple TDD DL/UL configurations on different bands was specified, there is a special case where only two carriers are supported when the reference DL configuration is configuration 5. A similar restriction could be considered for certain cases of TDD-FDD CA.

Therefore for this WI, we should strive for a general solution to support all different combinations of FDD and TDD carriers in the L1/2 specifications, keeping in mind that certain restriction may be necessary in order to keep the complexity to a reasonable level. 
RAN4 performance requirements would of course be developed step by step according to the relevance of particular combinations. 

3 Typical Use Cases

The TDD spectrum allocated for LTE so far has been on higher frequencies, around 2GHz or above. When an operator has both FDD and TDD spectrum, it either has some FDD spectrum in lower frequencies or has all FDD spectrum in similar frequency as TDD. In the former case, which is more typical, FDD has better coverage and can serve as the coverage layer; while in the latter case, FDD and TDD have similar coverage. The idea of using higher frequency in small cells for traffic offloading is also widely adopted. Therefore, the following two use cases are considered as the most important, while use case 1 is considered as more typical.
Use case 1: macro eNB with FDD on lower frequency as the coverage layer, pico eNB with TDD on higher frequency as the hotspot, with non-ideal backhaul between macro and pico eNB. With the wider deployment of small cells, this is considered as the most important use case.
Use case 2: co-located FDD and TDD carriers (with ideal backhaul). FDD can be on a lower frequency than TDD, or similar frequency as TDD.
It should also be noted that there can be FDD spectrum allocated in higher frequency than TDD in the future. So use cases with FDD on a higher frequency than TDD would become relevant. This should be taken into account in the WI as well.
4 Network and UE Requirements

4.1 General requirements on TDD-FDD joint operation

The main motivation of TDD-FDD joint operation is to increase the efficiency of utilization of both TDD and FDD spectrum. Therefore a basic requirement is to allow the UE to connect to the carriers on both types of spectrum at the same time, allowing dynamic load balancing among the carriers.
For the two deployment scenarios discussed in Section 2, the FDD carrier should be able to support FDD-only UEs, and the TDD carrier should be able to support TDD-only UEs. UEs supporting TDD-FDD joint operation should be able to camp on either of the carriers and connect to either or both of the carriers.
4.2 UE requirements

For the UE to be able to connect to both carriers and aggregate resources, the UE needs to have dual-mode FDD and TDD capability, and the capability similar to CA for resource aggregation. 
Half duplex operation is supported for FDD and for different DL/UL configurations in different bands with minimum specification impact. Although it is natural to support half duplex for TDD-FDD joint operation as well, it should not be a high priority consideration. If additional complexity of full duplex is acceptable for a UE supporting TDD-FDD joint operation, it would not be necessary to support half duplex. Otherwise, minimum specification changes should be introduced to support half duplex without specific optimization. This should be further discussed.
5 Conclusions
In this contribution, we discussed the deployment scenarios and typical use cases for TDD-FDD joint operation. The following two use cases are identified as most typical as of today:
Use case 1: macro eNB with FDD on lower frequency as the coverage layer, pico eNB with TDD on higher frequency as the hotspot, with non-ideal backhaul between macro and pico eNB.

Use case 2: co-located FDD and TDD carriers (with ideal backhaul). FDD can be on lower frequency than TDD, or similar frequency as TDD.

The L1/2 specifications should support aggregation of up to 5 component carriers, consisting of any combination of FDD and TDD carriers (except in certain special cases (if any are identified) in which the complexity would be too great). 
As a basic requirement, TDD-FDD joint operation should allow the UE to connect to both of the FDD and TDD carriers at the same time.
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