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1.    Introduction
At the 3GPP TSG RAN #60 meeting a new WI “LTE TDD – FDD Joint Operation” was agreed to start study and specify solutions to enhance LTE TDD – FDD joint operation depending on the outcome of the initial scenario evaluation phase of the work item. TDD-FDD joint operation has the potential to enhance capacity and coverage when designed judiciously. Highlights from the updated WID about joint TDD-FDD operation in RAN 61# [1] are as follows
Introduction of LTE TDD-FDD Carrier Aggregation in Rel-12 specification from RAN#61 until RAN#64:

· Introduce LTE TDD – FDD Carrier Aggregation support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work.

· 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. 
At RAN #1 74 meeting, the following agreements were reached about TDD-FDD joint operation [2],
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. 

Question: Need to clarify how many carriers (and what combinations of FDD/TDD carriers) need to be supported

UE requirements: 

Solutions can be considered which support UEs which do not have one or more of the following capabilities, as well as solutions which require one or more of these capabilities:

· simultaneous reception on FDD and TDD carriers (i.e. DL aggregation)

· simultaneous transmission on FDD and TDD (i.e. UL aggregation)

· simultaneous transmission and reception on FDD and TDD (i.e. full duplex) 

FFS whether the case of FDD and TDD being non-synchronised is supported (i.e. for the non-ideal backhaul case).  

In this contribution, we provide our views on some of the open issues. We limit our discussions to TDD-FDD joint operation involving carrier aggregation only and do not consider issues related to other possible solutions such as multi-stream aggregation or enhanced dual mode operations. 
2.  Open Issues in CA and TDD-FDD Joint Operation
We first consider the question of how many carriers need to be supported by the base station and what combination of TDD and FDD carriers should be assumed. This question has two related aspects, namely standardization support and actual deployments that should be considered for evaluation. For the first aspect recall that carrier aggregation, specified in Rel-10/11 supports 5 carriers (1 PCell + 4 SCells). To avoid having to specify new L1/2 aspects for supporting carrier aggregation when applied to TDD-FDD joint operation, 5 carriers should still be supported. Essentially, carrier aggregation operation for TDD-FDD joint operation should follow the the Release 10/11 carrier aggregation to minimize the standardization impact. Additionally TDD-FDD joint operation should include the possibility of different UL/DL configurations if there are multiple TDD carriers. 
The number of FDD (or TDD) carriers in the 4 SCells can vary from 0 to 4. Thus there are 5 distinct possibilities. The PCell can be either FDD or TDD. Hence there are 10 distinct combinations of TDD and FDD carriers for carrier aggregation involving joint TDD-FDD operation.  
However not all the combinations may be of practical interest as some of them (esp. for the TDD PCell case) may be difficult to operate due to the scheduling and HARQ timing restrictions among the carriers. 

For initial evaluations in the WI, a less complex system should be considered and examined in detail. We propose to consider evaluation of systems with maximum of 2 carriers as this was deemed significant from a practical point of view, for legacy carrier aggregation applications. Thus we propose to evaluate the following two cases, 

i) 2 DL: 2 UL carrier aggregation with the PCell being FDD/TDD and SCell being TDD/FDD.
ii) 2 DL: 1 UL carrier aggregation with the PCell being FDD/TDD and SCell being TDD/FDD.

The 2 DL: 2 UL case should be considered as it leads to least stringent operational requirements (i.e. factoring in HARQ or scheduling constraints) while the 2 DL: 1 UL case should be considered because it had also been studied during Release 10 and will provide a baseline for observed performance. In our view a PCell that is FDD poses less design challenges as a TDD PCell may need multi/cross subframe scheduling to schedule transmissions in a FDD SCell. These characteristics will form an important part of the evaluations.
Proposal 1: Carrier aggregation for TDD-FDD joint operation should follow the the Release 10/11 carrier aggregation to minimize the standardization impact. Additionally TDD-FDD joint operation should include the possibility of different UL/DL configurations if there are multiple TDD carriers.
Proposal 2: For initial evaluation of TDD-FDD joint operation with carrier aggregation, the following two deployments should be prioritized  
i) 2 DL: 2 UL carrier aggregation with the PCell being FDD/TDD and SCell being FDD/TDD.

ii)
2 DL: 1 UL carrier aggregation with the PCell being FDD/TDD and SCell being TDD/FDD.
Next we consider the case whether FDD and TDD being non-synchronised is supported or not. This situation can occur in multiple situations. Firstly, this happens when TDD-FDD joint operation is used in conjunction with small cell deployments, where the macro and small cells are connected by a non-ideal backhaul. In such a deployment, the macro layer provides coverage via FDD and the small cells can dynamically adjust to traffic patterns by TDD in a different carrier. For non-deal backhauls scenarios, the FDD and TDD may not be synchronized. However for non-ideal backhaul between the macro and small cells, the existing carrier aggregation mechanisms may itself not be sufficient. Other solutions, such as enhanced dual mode and multi-stream aggregation have been proposed as alternatives to carrier aggregation. Thus possible non-synchronization between carriers that arises due to non-ideal backhaul does not impact carrier aggregation operations as carrier aggregation will not be used for non-ideal backhauls.    
However non-synchronization amongst TDD and FDD carriers may occur even for cases involving ideal backhaul, for which carrier aggregation is the preferred solution. For existing carrier aggregation mechanisms, time synchronization among CCs is specified for intra-band contiguous CA, intra-band non-contiguous CA, and inter-band CA [3]. Time-synchronization requirements have been specified between TDD co-channel cells but not for FDD. For example time-synchronization with a difference of 3 µs or less is required between TDD co-channel small cells but no such requirement is imposed on FDD. This may lead to problems in TDD-FDD joint operation with carrier aggregation. Because of this, time synchronization aspects between TDD and FDD carriers need to be studied in detail. Some initial proposals specified in [3], can act as a baseline. 

Proposal 3: The case of FDD and TDD being non-synchronized should be supported. 

Proposal 4: Timing synchronization aspects for TDD and FDD carriers should be studied to understand the impact on TDD-FDD joint operation involving carrier aggregation.  
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Conclusion
In this contribution we have studied the open issues in TDD-FDD joint operation and provided our views on them. Specifically we propose that,
Proposal 1: Carrier aggregation for TDD-FDD joint operation should follow the the Release 10/11 carrier aggregation to minimize the standardization impact. Additionally TDD-FDD joint operation should include the possibility of different UL/DL configurations if there are multiple TDD carriers.
Proposal 2: For initial evaluation of TDD-FDD joint operation with carrier aggregation, the following two deployments should be prioritized  
i) 2 DL: 2 UL carrier aggregation with the PCell being FDD/TDD and SCell being TDD/FDD.

ii) 2 DL: 1 UL carrier aggregation with the PCell being FDD/TDD and SCell being TDD/FDD.
Proposal 3: The case of FDD and TDD being non-synchronized should be supported. 

Proposal 4: Timing synchronization aspects for TDD and FDD carriers should be studied to understand the impact on TDD-FDD joint operation involving carrier aggregation.  
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