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1 Introduction

In the RAN1#74bis meeting, half-duplex UE procedure was discussed and the following conclusion was agreed [1]: 

· 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
The simultaneous RX/TX (TDD-FDD CA) capability was defined as a TDD-FDD CA UE capability of simultaneous DL reception and UL transmission for all bands & TDD and FDD DL/UL band combinations which the UE supports [2]. Due to the support of TDD-FDD CA, Rel.12 needs to consider the possibility of special subframe in PCell and UL subframe in the SCell. In this contribution, we focus on the operation of half-duplex UE in TDD-FDD CA considering this new combination of PCell and SCell transmission directions. Note that we use the terminology ‘subframe combination’ to refer to the combination of PCell and SCell transmission directions in this contribution.
2 Discussion 
In LTE Rel.11, a UE’s full-duplex or half-duplex RX/TX capability is indicated by a 1-bit information for each band combination. Based on this information, eNB can schedule data transmission and reception of configured component carriers to UEs according to the half-duplex operation which is defined in TS 36.211. 
In [3] and [4], some possible band combination scenarios of half-duplex UEs in TDD-FDD CA were discussed. Depending on the band combination scenarios, half-duplex UEs can or cannot support simultaneous DL reception and UL transmission in the configured FDD and TDD carrier. This simultaneous RX/TX capability for each band combination may depend on UE implementation and its acceptable frequency separation between TDD carrier and FDD UL/DL bands. For example, it was provided in [3] that half-duplex UEs may support simultaneous transmission of TDD UL signal and reception of FDD DL signal if the frequency separation between the TDD carrier and the DL band of the aggregated FDD carrier is far enough. Otherwise, if the frequency separation between the TDD carrier and the UL band of the aggregated FDD carrier is not enough, the UEs cannot support simultaneous reception of TDD DL signal and transmission of FDD UL signal. 
Compared to Rel.11, the specification support TDD-FDD CA in terms of half-duplex operation is quite similar. Half-duplex UE operations in these band combination scenarios can be supported with legacy half-duplex UE operations defined in Rel.11 for one specific case where TDD PCell is a special subframe while FDD SCell is a UL subframe.  The focus of this contribution is to discuss the specification support for the above case of TDD PCell and FDD SCell subframe combination.
In Rel.11 inter-band TDD CA, half-duplex UE operations were defined based on PCell and SCell subframe combination. In TS 36.211, the following three cases of PCell and SCell subframe combinations are considered for half-duplex UE operations as shown in Figure 1. In general, half-duplex UEs decide between UL transmission or DL reception according to the PCell subframe (DL, UL or special). 

· Case 1-1: PCell has a downlink subframe and SCell has an uplink subframe.

· Case 1-2: PCell has an uplink subframe and SCell has a downlink subframe.
· Case 1-3: PCell has a special subframe and SCell has a downlink subframe.
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Figure 1: DL/UL/special subframe combinations for Rel.11 inter-band TDD CA.
When TDD and FDD cells are aggregated for TDD-FDD CA, there are four possible cases of PCell and SCell subframe combinations as shown in Figure 2. In case of TDD PCell, each subframe of the PCell can be DL, UL or special subframe according to TDD UL-DL configuration of the PCell. Depending on the subframe combination of the TDD PCell, all four cases in Figure 2 are possible. On the other hand, in case of FDD PCell, transmission direction of the PCell is restricted to DL or UL according to eNB’s scheduling. Depending on the transmission direction of the FDD PCell, each subframe of the FDD PCell can be considered as a DL or a UL subframe. Considering FDD PCell, only two cases (case 2-1 and 2-2 in Figure 2) are possible for PCell and SCell subframe combinations. When SCell is a special subframe, legacy half-duplex operation is not specified and left for UE implementation. Taking a similar approach, the half-duplex operation in TDD-FDD CA when the subframe of the TDD SCell is special subframe can be left for UE implementation.
The difference of subframe combinations between inter-band TDD CA (Figure 1) and TDD-FDD CA (Figure 2) is only case 2-4. It is noted that when the subframe combinations of half-duplex UE in TDD-FDD CA are equivalent with the subframe combinations of half-duplex UE in TS 36.211, half-duplex operation can be supported using the legacy operations (case 1-1~1-3 in Figure 1). However, for case 2-4, additional half-duplex UE procedure is required to avoid collision of different duplex configuration.
· Case 2-1 ~ 2-3: Same as Case 1-1 ~ 1-3

· Case 2-4: PCell has a special subframe, and SCell has an uplink subframe.

Observation : 
· The half-duplex UE operation for the subframe combination of a special subframe (TDD PCell) and uplink subframe (FDD SCell) is not supported in Rel-11 inter-band CA operation and then should be discussed in RAN1 for Rel.12.
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Figure 2: DL/UL/special subframe combinations for TDD-FDD CA.
For case 2-4, half-duplex UE operation to avoid collision between DL signal of DwPTS and guard period in special subframe of TDD PCell and UL signal of UL band in FDD SCell is required for TDD-FDD CA. The collisions in this case are somewhat similar to that of TDD UL signal of guard period and UpPTS (case 1-3 in Figure 1). Therefore, this collision can be resolved using the same principle that we used for half-duplex UEs in legacy. In Rel.11 inter-band TDD CA, half-duplex UEs follow PCell’s transmission direction. Especially for case 1-3 in Figure 1, a UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS in the SCell, and the UE is also not expected to receive any other signals on the SCell in OFDM symbols that overlaps with the guard period or UpPTS in the PCell. Likewise, UEs can simply follow PCell’s transmission direction to support half-duplex operations in case 2-4. Therefore, we can define the UE operation for the case of PCell special subframe and SCell UL subframe as follows: a UE does not transmit PUCCH/PUSCH to the SCell and the UE does not transmit any signal on the SCell in SC-FDMA symbols that overlaps with the DwPTS and/or guard period in the PCell.
Proposal :
· Half-duplex UEs in TDD-FDD CA, if a subframe in the PCell is a special subframe, and the same subframe in the SCell is an uplink subframe
· No PUCCH/PUSCH transmissions to the SCell in the same subframe.

· Not transmit any signal on the SCell in OFDM symbols that overlaps with the DwPTS or guard period in the PCell.
3 Conclusions
This contribution discussed the half-duplex UE procedure for TDD-FDD CA. Based on the discussion, we made following observation and proposal. 
Observation : 
· The half-duplex UE operation for the subframe combination of a special subframe (TDD PCell) and uplink subframe (FDD SCell) is not supported in Rel-11 inter-band CA operation and then should be discussed in RAN1 for Rel.12.
Proposal :
· Half-duplex UEs in TDD-FDD CA, if a subframe in the PCell is a special subframe, and the same subframe in the SCell is an uplink subframe
· No PUCCH/PUSCH transmissions to the SCell in the same subframe.

· Not transmit any signal on the SCell in OFDM symbols that overlaps with the DwPTS or guard period in the PCell.
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