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1 Introduction
In RAN#60, new work item on TDD-FDD joint operation was approved with RAN1 as leading working group [1]. In the work item, TDD-FDD carrier aggregation will be introduced to support efficient joint operation of TDD and FDD carrier. In RAN1#74, scenarios and UE requirements for TDD-FDD joint operation were also agreed as follows [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 the above, agreements on the UE requirements are very general in the aspects of carrier aggregation and duplex capability. Therefore further discussion is necessary to construct basic assumptions on the UE requirements to specify TDD-FDD carrier aggregation. In this paper, we discuss the UE requirements for TDD-FDD carrier aggregation and make suggestion for the basic assumption for the specification.

2 DL/UL carrier aggregation capability
In this section, we discuss the DL/UL CA (carrier aggregation) capabilities of a UE to support TDD-FDD CA operation.
· DL CA capability
Since DL peak throughput enhancement is most important motivation of TDD-FDD CA operation, it is natural to assume all the UEs which support TDD-FDD CA should support TDD-FDD DL CA capability. 
· UL CA capability
While UL peak throughput enhancement may not be the first-priority motivation of TDD-FDD CA operation, TDD-FDD UL CA operation may require UE to implement separate UL RF modules and satisfy test requirements of UL non-contiguous transmission for each CA band combination. Therefore, single UL capability is largely supported for the Rel-10/11 DL CA capable UEs (it should be noted that even for TDD case, single UL capability is supported for CA of band 39 and band 41 in Rel-11). By the same reason, single UL capability should be supported for the TDD-FDD CA operation, for both cases of FDD PCell+TDD SCell and TDD PCell+FDD SCell.

· Maximum number of aggregated cells
In general, it can be assumed maximum 5 cells can be aggregated with any TDD/FDD combinations as the target goal for the TDD-FDD CA specification while further restriction may be considered if there is significant problem in supporting 5 cell aggregation, which was the same approach in inter-band TDD CA specification in Rel-11.
To summarize the discussion, we suggest the following:
Suggestion 1: Both DL/UL CA capable UE and DL-only CA capable UE are supported for TDD-FDD CA operation
Suggestion 2: Assume aggregation of maximum 5 cells with any TDD/FDD combination as target for TDD-FDD CA specification while further restriction may be considered if necessary
3 Duplex capability
In this section, we discuss the DL/UL duplex capabilities of a UE to support TDD-FDD CA operation.
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Figure 1. 
· Full duplex UE
To support TDD-FDD CA, it is natural to support full duplex operation since it is unavoidable DL (or UL) subframe of FDD cell collides with UL (or DL) subframe of TDD cell aggregated by a same UE as illustrated in figure 1(a).
· Half duplex UE
In Rel-8 FDD specifications and Rel-11 inter-band TDD CA specifications, half duplex operation is defined to support UEs with low cost implementation. In the same line, support of half duplex UE for TDD-FDD CA operation can be also considered where TX/RX operation between FDD cell and TDD cell is aligned, which is illustrated in figure 1(b). However, benefits of throughput enhancement will be mostly achieved by full duplex operation. Therefore, support of half duplex UE for TDD-FDD CA specification in Rel-12 specification can be de-prioritized under support of full duplex UE.
· DL-UL interference separation
Even for the full duplex capable UEs, separation of DL-UL signals/interferences between TDD band and FDD band can be difficult in some band allocation scenarios if FDD DL or UL carrier allocation is close to the TDD carrier as illustrated in figure 2. In the current frequency band planning, for example, FDD DL carrier in FDD band 7 and TDD carrier in TDD band 38 can be close or adjacent so that DL reception in FDD band and UL transmission in TDD band may interfere each other significantly. Therefore, it should be considered how to handle the DL-UL interference between TDD-FDD carriers aggregated by UE. 
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Figure 2.

Suggestion 3: Full duplex operation is prioritized over half duplex operation for TDD-FDD CA operation in Rel-12 specifications.
Suggestion 4: It should be considered how to handle the DL-UL interference between TDD-FDD carriers aggregated by UE.

4 Summary
In this paper, we discussed UE requirements to support the TDD-FDD CA operation in Rel-12. Suggestions from the discussion in this paper are summarized as following.
Suggestion 1: Both DL/UL CA capable UE and DL-only CA capable UE are supported for TDD-FDD CA operation

Suggestion 2: Assume aggregation of maximum 5 cells with any TDD/FDD combination as target for TDD-FDD CA specification while further restriction may be considered if necessary
Suggestion 3: Full duplex operation is prioritized over half duplex operation for TDD-FDD CA operation in Rel-12 specifications.

Suggestion 4: It should be considered how to handle the DL-UL interference between TDD-FDD carriers aggregated by UE.
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