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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 Solutions for 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). 
Non-CA Solutions: Alternatives and Associated Specification Impact
In addition to using CA for FDD-TDD joint operation, other solutions may include what the WI describes as “multi-stream aggregation” and “dual-mode UE supporting simultaneous operation on both modes”. Unlike CA, these additional solutions focus on non-ideal backhaul between a FDD cell and a TDD cell but, like CA, a UE is assumed to be capable of simultaneous receptions from a FDD cell and a TDD cell (otherwise, inter-mode HO is already supported and there is little to be gained by only limiting new functionalities to some additional measurements for connectivity/mobility support). It is not clear whether a common understanding exists of the exact differences between multi-stream aggregation and dual-mode UE supporting simultaneous operation on both modes. In the following, focus is on multi-stream aggregation.
Multi-stream aggregation can be considered as part of the small-cell higher layer aspects SI [2] (for separate carriers) although it may not be restricted only to dual connectivity between a macro and a small cell layer (e.g. it may also include dual connectivity between macro cells). From a physical layer perspective, a fundamental aspect related to the support of multi-stream aggregation is whether it is restricted only to UEs that can simultaneously transmit on both carriers (e.g. UEs equipped with two transmitter antennas) or it is also supported for UEs that can transmit only in one carrier at a given time instance. 
If a UE can transmit simultaneously in both carrier frequencies, very little impact on the physical layer operation is envisioned since, fundamentally, two independent single-cell connections are simultaneously operated for the UE (it is noted that the notions of PCell and SCell, as defined for Rel-10 CA, may not be meaningful for multi-stream aggregation and need not be used). 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 both carrier frequencies, some type of TDM operation is obviously required for UL transmissions. This will in turn require a definition of the TDM pattern for UL transmissions and a definition of UCI transmissions (especially dynamic ones) in accordance to the TDM UL switching pattern (the design may also be affected by the assumption on the required time for UL carrier switching). Clearly, there will need to be an association between the TDM UL switching pattern and the UL subframes in the TDD UL-DL configuration of the TDD cell. 
In summary, solutions other than CA for FDD-TDD joint operation such as multi-stream aggregation are substantially similar to dual connectivity considered between a macro and a small cell layer, can be extended to include dual connectivity between macros, and may only consider separate carrier frequencies. In terms of spectral efficiency, worse performance than CA is expected particularly if UL transmissions are TDM since this will inevitably lead to UL resource loss at least in the FDD cell. The HARQ timeline, at least for the FDD cell, may also be affected. Whether non-CA solutions can be restricted to UE categories supporting simultaneous UL transmissions in different carrier frequencies is FFS. If a UE supports simultaneous UL transmissions, the specification impact for multi-stream aggregation is expected to be minimal as the operation is effectively a duplication of single-cell operation to two cells; otherwise, a TDM UL switching pattern needs to be defined. 
CA Solutions: Properties and Specification Impact
For CA solutions for FDD-TDD joint operation, the existence of ideal backhaul can enable notable operational efficiencies. Most design principles from Rel-10 CA and Rel-11 TDD inter-band CA can be reused and can be extended to account for the difference in the FDD frame structure and the TDD frame structure and for the capability of simultaneous DL/UL transmissions in FDD.
In case of a FDD PCell, HARQ support for PDSCH transmissions in either the FDD PCell or the TDD SCell can be by using the FDD timelines. This minimizes the latency for PDSCH transmissions in the TDD SCell and also minimizes the UL HARQ-ACK payload. For PUSCH transmissions and self-scheduling for each cell, the Rel-10 CA operation is maintained. For PUSCH transmissions and cross-carrier scheduling, the configuration in the TDD cell needs to be followed in order to ensure that synchronous non-adaptive PUSCH retransmissions are in an UL subframe in the TDD SCell.   

For a TDD PCell, if UL HARQ-ACK transmission is in the PCell, additional latency will occur for PDSCH retransmissions in the FDD SCell and respective HARQ timelines will need to be defined for PDSCH/PUSCH transmissions on the FDD SCell. For cross-carrier scheduling of the FDD SCell from the TDD PCell, multi/cross-subframe scheduling support will be required to avoid loss of subframes. As HARQ support is more efficient with associated signaling in a FDD cell (minimum latencies, distributed HARQ-ACK transmission across subframes for better performance/coverage due to reduced payloads) then, for a TDD PCell, it can be considered to allow UL control signaling in the FDD SCell (at least for HARQ-ACK).   
3 Conclusions

This contribution considered candidate solutions for FDD-TDD joint operation. In case of ideal backhaul, use of CA can exploit FDD-specific and TDD-specific operational advantages while avoiding respective shortcomings. The specification impact is expected to mostly consist of adjustments to existing functionalities.
In case of non-ideal backhaul, multi-stream aggregation is required. The main issues are similar to those for dual connectivity and a key design aspect is whether support is restricted to UEs capable of supporting simultaneous UL transmissions on both carriers (respective band combinations can be defined by RAN4). If simultaneous UL transmissions are supported, the overall operation is effectively a duplication of single-cell operation; otherwise, UL transmissions need to use a TDM pattern between the two carriers and an UL carrier switching operation needs to be defined while maintaining simultaneous DL receptions on both carriers.  
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