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1 Introduction

In RAN#60, a new work item was approved to enable LTE TDD-FDD joint operation from aggregation of TDD and FDD carriers. The first aspect for discussion in the work item is to identify deployment scenarios and network/UE requirements to support joint FDD/TDD operation [1]:


“Identify deployment scenarios of joint operation on FDD and TDD spectrum, and network/UE requirement to support joint FDD/TDD operation.”
This contribution discusses deployment scenarios and general network/UE requirements for LTE TDD-FDD CA. 
2 Deployment scenarios
Possible deployment scenarios for TDD-FDD joint operation are depicted in Figures 1, 2 and 3. It is assumed that the TDD cell has a TDD UL-DL configuration among the existing 7 TDD UL-DL configurations. In Figures 1, 2 and 3, deployment scenarios for TDD-FDD CA can be classified as follows: 

· Scenario A: TDD cell and FDD cell are co-located at a single Macro eNB (Figure 1). 

· Scenario B: TDD (or FDD) cell is deployed at a Macro eNB and FDD (or TDD) cell is deployed at a RRH with ideal backhaul (Figure 2)
· Scenario C: TDD (or FDD) cell is deployed at a Macro eNB and FDD (or TDD) cell is deployed at a Pico eNB with ideal or non-ideal backhaul (Figure 3)
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Figure 1: Possible deployment Scenario A for TDD-FDD CA
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Figure 2: Possible deployment Scenario B for TDD-FDD CA
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Figure 3: Possible deployment Scenario C for TDD-FDD CA

Scenario A is intra-eNB CA which was the focus in LTE Rel-10 CA deployment scenarios (e.g., Rel-10 CA scenario 1, 2 and 3). Scenario B is CA scenario with a RRH through ideal backhaul which has been considered as the other Rel-10 CA deployment scenario (e.g., Rel-10 CA scenario 4). On the other hand, Scenario C is inter-eNB CA with ideal or non-ideal backhaul which is now being discussed in Rel-12 Small cell SI (e.g., dual connectivity). It is noted that different from the scenario for a Macro and a RRH, a Macro and a Pico have their own respective schedulers in Scenario C.

Additionally, the following options can be included in Scenario C.

· TDD cell is deployed in a Macro eNB and FDD cell is deployed in a neighbor Macro eNB.

· TDD cell is deployed in a Pico eNB and FDD cell is deployed in a neighbor Pico eNB.

The Scenario A and B in this contribution can be extended for LTE TDD-FDD CA. However, deployment scenarios (e.g. Scenario C) where cells with different carriers are located in different eNBs with ideal or non-ideal backhaul are currently being discussed and it is still unclear whether or not inter-eNB CA scenarios are feasible and which solutions can be applied for those scenarios. Therefore, considering the above, Scenario A and B should have a first priority as deployment scenarios for LTE TDD-FDD CA. Introduction of inter-eNB CA scenarios, such as Scenario C, for LTE TDD-FDD CA can be further discussed considering discussions and outcomes from Rel-12 Small cell SI.
Proposal 1: Rel-10 CA deployment scenarios have a first priority as deployment scenarios for LTE TDD-FDD CA.
3 Network/UE requirements
In [2], requirements for LTE-Advanced were specified. It is expected that for LTE TDD-FDD CA, most requirements for LTE-Advanced can be reused because LTE TDD-FDD joint operation can be seen as an extension of Rel-10 CA. The following requirements are further considered for LTE TDD-FDD CA in the contribution: 
· Legacy support
· PUCCH transmission

· Cross-carrier scheduling
Legacy support
In Rel-10 CA, support of LTE Rel-8/Rel-9 UEs in a carrier of LTE Rel-10 network was maintained. Considering that LTE TDD-FDD CA can be regarded as an extension of LTE Rel-10 CA and LTE Rel-8/Rel-9 UEs are supported in one carrier of LTE Rel-10 network, the following requirements are considered.

·  A legacy UE shall be supported in one or multiple carriers with the same duplex mode as the legacy UE in a TDD-FDD CA network. 
· A TDD-FDD CA UE shall be supported in a legacy network with one or multiple carriers having the same duplex mode.
PUCCH transmission
In Rel-10/11 CA, PUCCH is transmitted only one cell (PCell) considering UEs with a capability of only one UL transmission (UEs that are not UL CA capable). The PCell was selected because it is always available. However, given that a UE can uses a different PUCCH format depending on whether or not the HARQ-ACK feedback is only for the PCell, the condition that the PCell is used for HARQ-ACK feedback that includes an SCell can be reconsidered in case of a FDD SCell in order to exploit the reduced latency and payload for HARQ-ACK feedback allowed by FDD operation.
Cross-carrier scheduling
Cross-carrier scheduling was introduced in Rel-10 to primarily provide CA-based ICIC or improve the spectral efficiency of (E)PDCCH signaling (for example when the cross-scheduled carrier has small bandwidth, or experiences higher path loss, etc.). These motivations will also hold for TDD-FDD CA with operation in different bands. 

For a FDD PCell and a TDD SCell, cross-carrier scheduling of PDSCH/PUSCH cannot apply in UL/DL subframes in the TDD SCell. Whether to use the available blind decoding operations to reduce blocking probability in the PCell can be considered. Moreover, the TDD SCell can behave as the FDD PCell with respect to the DL/UL HARQ timelines and latency can be reduced.    

For a TDD PCell and a FDD SCell, multi/cross-subframe scheduling will be necessary for the FDD SCell as otherwise a likely significant percentage of subframes (depending on the UL-DL configuration on the TDD SCell) will be wasted. 

4 Conclusions
This contribution discussed deployment scenarios and general network/UE requirements for LTE TDD-FDD CA. From the discussions in this contribution, the following proposals are considered:
Proposal 1: Rel-10 CA deployment scenarios have a first priority as deployment scenarios for LTE TDD-FDD CA.
Proposal 2: Legacy UEs shall be supported in a carrier of a TDD-FDD CA network and TDD-FDD CA UEs shall be supported in a carrier of a legacy network.

Proposal 3: For LTE TDD-FDD CA, the Rel-10 requirement that the PCell is used for HARQ-ACK feedback can be reconsidered in case of a TDD PCell and a FDD SCell.
Proposal 4: For LTE TDD-FDD CA, multi/cross-subframe scheduling (with TDD PCell and FDD SCell) and modification of DL/UL HARQ timelines (with FDD PCell and TDD SCell) can be considered.
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