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1 Introduction
In previous RAN1 meetings, the issue related with half-duplex UE was discussed focusing on the PDSCH/PUSCH HARQ-ACK timing. In this contribution, we mainly discuss how to determine the transmission direction for half duplex UEs in overlap subframes for TDD inter-band carrier aggregation with different UL-DL configurations in different bands.

2 Half duplex operation
For half duplex UEs, in case of different UL-DL configurations are used in different bands, the UE is not able to transmit and receive on different bands simultaneously due to its half duplex nature. Hence, it is necessary to discuss which transmission direction the UE shall assume in the overlapped subframes. Generally, two approaches were discussed:
· Approach 1: The transmission direction of all subframes shall follow the PCell SIB1 configuration
· Approach 2: The transmission direction is determined by eNB
For Approach 2, the half duplex UE determines the transmission direction in overlapped subframes based on the eNB scheduling and/or configuration. For example, if the UE is to transmit any uplink signal (e.g. PUCCH, SRS, PUSCH) in an overlapped subframe, then the UE determines the transmission direction in the overlapped subframe as uplink; otherwise the UE determines the transmission direction in the overlapped subframe as downlink and the UE shall attempts to decode PDCCH in the overlapped subframe. It shall be noted that even with Approach 2, the network can be implemented to follow Approach 1. Hence, Approach 2 essentially provides additional flexibility since the transmission direction in overlapped subframes can follow the SCell SIB1 configuration. In the following discussion, we discuss whether such flexibility is meaningful and the associated UE behavior.
2.1 Benefits
The additional flexibility provided by Approach 2 can seemingly increase the DL throughput, as there is more resource available for DL transmission compared to Approach 1. An example is shown in Figure 1 where subframes #{s3, s4, s8, s9} on SCell can be used for DL transmission, if the transmission directions in these overlapped subframes follow the SCell SIB1 configuration. However, we have the following observations:
· Observation 1: If subframe #s4 or #s9 is used for DL transmission on SCell, then half duplex UEs would not be able to transmit PUCCH on PCell, which carries HARQ-ACK for subframe #s0 or #s5 on PCell respectively. Hence the DL throughput on PCell will be reduced if subframe #s4 or #s9 on SCell is used for DL transmission.

· Observation 2: If subframe #s4 or #s9 is used for UL transmission on PCell, then even if subframe #s3 or #s8 is used for DL transmission on SCell, half duplex UEs would not be able to receive all OFDM symbols in subframe  #s3 or #s8, since timing advances cause subframe  #s4 or #s9 on PCell to overlap with subframe #s3 or #s8 on SCell. In this case, the UE may need to drop the OFDM symbols in the overlapped period. Depending on the value of timing advances, significant portion of subframe #s3 or #s8 on SCell may not be receivable by the UE. Hence, the associated increase of DL throughput may not be significant.
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Figure 1: Example of Approach 2
In summary, it is expected that the additional flexibility provided by Approach 2 does not provide significant gain compared to Approach 1, considering HARQ-ACK feedback on PCell and the impact of timing advances.
2.2 Costs
Still using Figure 1 as an example, on the cost of Approach 2, we have the following observations:

· Observation 3: Dynamically switching the transmission direction in overlapped subframes increases the eNB scheduling complexity. This is particularly true considering PUSCH adopts synchronous HARQ and eNB has to suspend a PUSCH HARQ process on PCell in order to allow DL transmission on SCell in an overlapped subframe.
· Observation 4: In case of a DL subframe on SCell (e.g. subframe #s3) followed by an UL subframe on PCell (e.g. subframe #s4), the UE behavior shall be specified in the overlapped period of these two subframes. In addition, corresponding RAN4 testings shall be in place to guarantee the performance. 
In summary, there are drawbacks associated with the additional flexibility provided by Approach 2, from the perspective of eNB implementation complexity and specification impact.

2.3 Proposals

Given the discussion in the previous sections, we have the following preference on Approach 1, i.e.

Proposal: For half duplex UEs, the transmission direction of all subframes shall follow the PCell SIB1 configuration.
3 Conclusions
In this contribution, we discuss the half duplex operation in TDD inter-band carrier aggregation with different UL-DL configurations on different bands, with the following proposal:
Proposal: For half duplex UEs, the transmission direction of all subframes shall follow the PCell SIB1 configuration.
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