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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#74bis, the followings were agreed for the TDD-FDD carrier aggregation operation [2]:

	· Ideal backhaul is assumed for TDD-FDD CA 

· TDD and FDD cells are synchronized

· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded


In this paper, we discuss the further details on the basic assumptions/requirements for the specification of TDD-FDD carrier aggregation, especially regarding PUCCH transmission and DL-UL duplexing. 
2 Basic principle on PUCCH transmission
Following the agreement in RAN1#74bis, TDD-FDD CA specification should support UL non-CA-capable UE, which will be configured with a single UL serving cell in TDD-FDD CA operation. Therefore, TDD-FDD CA design related to PUCCH transmission should be based on the assumption that PUCCH is transmitted on a single serving cell. Since PUCCH is transmitted only on PCell in Rel-10/11 CA specifications, it is natural to support PUCCH transmission on PCell in Rel-12 TDD-FDD CA operation.
Suggestion 1: Rel-12 specification supports TDD-FDD CA operation with PUCCH transmission only on PCell 

On the other hand, it has been suggested to allow PUCCH transmission on SCell especially considering potential UL overloading on PCell depending on the CA deployment scenarios, where simultaneous PUCCH transmission on both PCell and SCell is discussed as a candidate solution for those scenarios [3]. However, the following points should be considered in discussing PUCCH offloading on SCell:

· UL non-CA-capable UE cannot be configured with SCell in uplink

· It is unlikely that all the UL CA capable UEs can support simultaneous PUCCH transmission on both PCell and SCell for all the supportable UL band combinations

· Dual connectivity function (if introduced) may be utilized for PUCCH offloading on SCell
Therefore, careful consideration is necessary on the tradeoffs between complexity and benefits in introducing additional feature optimized to PUCCH offloading on SCell for the UL CA-capable UEs in some scenarios.
Suggestion 2: It is FFS whether to support PUCCH transmission on SCell for the UL CA-capable UEs in Rel-12, in addition to the TDD-FDD CA operation with PUCCH transmission only on PCell. 

3 Duplex capability
In RAN1#74bis meeting, the following was observed as the definition of non-simultaneous RX/TX capability [4]:

· A FDD-TDD CA UE might not be capable of simultaneous DL reception and UL transmission for all bands & TDD and FDD DL/UL band combinations which the UE supports
There can be two motivations to consider non-simultaneous RX/TX capability as follows:
· Support of half duplex implementation
In LTE specifications so far, half duplex operation has been supported mainly to allow low-cost UE implementation. Especially in TDD-FDD CA operation, a UE complexity similar to the TDD CA capability can be allowed if half duplex operation is supported.
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Figure 1. Illustration of full duplex and half duplex operation in TDD-FDD CA
· 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. A simple approach would be not to allow simultaneous RX/TX in some FDD DL(or UL) and TDD band combination.
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Figure 2. Illustration of adjacent FDD - TDD carriers
Considering the potential use cases of supporting non-simultaneous RX/TX capability in TDD-FDD CA, it seems better to support non-simultaneous RX/TX capability in Rel-12 TDD-FDD CA operation as long as the specification impact is not too complex. Therefore, we suggest supporting non-simultaneous RX/TX capability for TDD-FDD CA in Rel-12 while TDD-FDD CA is mainly optimized for simultaneous RX/TX capability.
Suggestion 3: Support non-simultaneous RX/TX capability for TDD-FDD CA in Rel-12 while TDD-FDD CA is mainly optimized for simultaneous RX/TX capability
4 Summary
In this paper, we discussed basic assumptions and requirements for TDD-FDD CA design especially regarding PUCCH transmission and DL-UL duplexing. Suggestions from the discussion in this paper are summarized as following.
Suggestion 1: Rel-12 specification supports TDD-FDD CA operation with PUCCH transmission only on PCell 

Suggestion 2: It is FFS whether to support PUCCH transmission on SCell for the UL CA-capable UEs in Rel-12, in addition to the TDD-FDD CA operation with PUCCH transmission only on PCell. 

Suggestion 3: Support non-simultaneous RX/TX capability for TDD-FDD CA in Rel-12 while TDD-FDD CA is mainly optimized for simultaneous RX/TX capability
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