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1 Introduction

A Work Item (WI) on FDD-TDD joint operation was agreed in [1]. As specified in the WI, the objective is to enhance LTE TDD-FDD joint operation using LTE TDD-FDD carrier aggregation (CA) but potentially also using other solutions depending on the outcome of the initial scenario evaluation phase. Therefore, CA operation can be considered as a minimum functionality to be supported for FDD-TDD joint operation with additional functionalities potentially introduced depending on the outcomes of the evaluations. 

This contribution considers potential solutions for FDD-TDD joint operation. An initial assessment for specification impacts is also provided.

2 Non-CA Based FDD-TDD Joint Operation
FDD-TDD joint operation should provide greater flexibility in utilizing FDD and TDD spectrum, load balancing without inter-mode HO, and an ability to combine individual benefits for FDD and TDD (e.g. coverage support or minimization of latencies for FDD together with adaptation of resources according to offered traffic for TDD). These objectives are ideal for the application of CA between FDD cell(s) and TDD cell(s). 
The main applicability scenarios for non-CA based FDD-TDD joint operation are ones considered for small cell enhancements with non-ideal backhaul and especially for scenarios 2a and 2b. An FDD macro-cell combined with a TDD small-cell can allow for the coverage benefits of FDD to be obtained at the macro-cell while exploiting the better traffic adaptability characteristics of TDD at a higher frequency band, either by selecting a suitable TDD UL-DL configuration or, to more efficiently address fast traffic variations that exist in small cell, by deploying eIMTA. 

To support non-CA based FDD-TDD joint operation, dual connectivity and enhanced dual mode operations are considered. Dual connectivity basically extends CA to higher layers and enables a UE to receive more than one traffic streams from respective different transmission points that are connected with non-ideal backhaul. It is therefore warranted to consider such solutions for FDD-TDD joint operation in conjunction with the progress on dual connectivity while recognizing that FDD-TDD joint operation represents an additional deployment scenario for dual connectivity.

Associated UE capabilities to support dual connectivity have been previously discussed (e.g. [2]) and are the same in the context of FDD-TDD joint operation. Basically, from a physical layer perspective, a fundamental operating mode is for the UL transmissions and whether or not UEs can simultaneously transmit on both carriers (e.g. UEs equipped with two transmitter antennas) and also whether both types of UEs are supported (with or without capability for simultaneous UL transmissions). This will largely determine the specification impact of supporting dual connectivity from a RAN1 perspective. It may also relate, depending on adopted solutions, to the purpose of dual connectivity (i.e. whether for throughput/peak rate enhancements or for coverage/mobility support – in the latter case, single DL transmission may also be considered). 
If a UE can transmit simultaneously in more than one carrier frequencies, very little impact on the physical layer operation is envisioned since, fundamentally, more than one independent single-cell connections are simultaneously operated for the UE. A limited specification impact is nevertheless expected in case a UE with one transmitter antenna is power limited (e.g. power allocation between different cells, UCI prioritization between different cells, etc). If a UE cannot transmit simultaneously in more than one carrier frequencies, a TDM switching pattern for UL transmissions or a capability by a NodeB (e.g. the macro) to receive in a carrier frequency used for UL transmissions to the other NodeB (e.g. the small cell) will need to be defined.  
Further discussion on dual connectivity aspects is not included in this contribution. In summary, use of dual connectivity will result to worse spectral efficiency if a TDM switching pattern is used but can offer comparable performance to CA if it is limited to dual UL transmissions or if it can be assumed that the macro can also receive in the carrier frequency of a small cell.

Dual mode operation is already supported and a dual-mode UE can operate either on a FDD cell or on a TDD cell and can switch using handover. Enhanced dual mode is primarily meaningful only for UEs capable of receiving only at a single carrier frequency and may not require network coordination as simultaneous DL transmissions are not supported. The question then is whether a faster switching than currently supported by handover is necessary in which case a TDM switching pattern needs to be introduced. Therefore, enhanced dual mode also falls under the dual connectivity framework. Consequently, three meaningful scenarios for dual connectivity operation exist (multiple/multiple DL/UL, multiple/single DL/UL, single/single DL/UL) and their prioritization will affect the required specifications. Considering that the main focus of the WI is CA, extensions to dual connectivity should prioritize the case of multiple DL receptions capability at a UE. Moreover, further analysis/evaluations are needed for the single/single DL/UL case to determine a level of additional benefits from dual connectivity relative to the legacy handover-based switching.

Observation: Support for dual connectivity can extend to FDD-TDD joint operation and it is reasonable to prioritize the case that a UE can simultaneously receive in more than one carrier frequencies. 
3 Conclusions

This contribution considered scenarios and support requirements for non-CA based FDD-TDD joint operation. Dual connectivity is also applicable to FDD-TDD and can cover, likely with different specification requirements at the physical layer, all combinations of DL/UL UE capabilities. It is suggested that prioritization is for UEs capable of simultaneously receiving in more than one carrier frequency and that further analysis/evaluations are considered for the benefits of dual connectivity for UEs with reception capability only on a single carrier frequency relative to conventional handover operation.   
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