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1 Introduction
It was concluded at the RAN1 #67 meeting that both full-duplex and half-duplex should be supported in the inter-band TDD CA scenario with different UL-DL configurations on different bands [1]. With regard to half-duplex UEs,  the following was agreed during the RAN1 #68bis meeting: 
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In this contribution, we discuss how to support the half-duplex UE operation for TDD inter-band CA scenario, especially focusing on the transmission direction determination for conflicting subframes.  
2  Discussion 
For subframes with conflicting directions, a half-duplex UE can only perform either transmission or reception but not both. A key central issue in the design of half-duplex UEs is on the prioritization of transmission direction for conflicting subframes. Possible candidates for UL/DL prioritization in conflicting subframes include: 
· Alternative 1: always follow the transmission direction of the PCell 
· Alternative 2: dynamically determined based on network configuration 
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Figure 1: Conflicting subframe(s) for TDD inter-band CA scenario

With alternative 1, the direction of conflicting subframe on PCell is always prioritized. On the other hand, Alternative 2 relies on the eNB scheduler for the transmission direction prioritization and potentially could provide some operational flexibility for network operators. Essentially, the difference between Alternative 1 and 2 is whether SCell resources in conflicting subframes are conditionally utilizable or not.

The choice for the above issue should be based on the usual metrics of: 
· DL throughput performance: Considering the typical usage in real deployments, the demand for downlink data rate is much higher than the uplink. Therefore, performance of DL resource utilization efficiency should be regarded as an important indicator. As the majority of seven supported TDD DL/UL configurations are DL heavy cases (except configuration 0) and inevitably multiple DL subframes are associated with a single UL subframe for HARQ-ACK feedback, one single UL blocked/muted subframe in PCell could potentially lead to multiple DL subframes being blocked and consequently, may not be scheduled in PCell. Therefore, per discussion in our previous contribution [2], Alternative 1 is the best choice by eNB to provide higher DL resource utilization efficiency performance. 
· Specification/Implementation/Testing complexity aspect: With Alternative 2, new TDD UL-DL reference configurations beyond those specified in Rel-8/9/10 may occur. Generally speaking, new UL-DL configurations would be generated in many cases, as is evident from the example shown in Figure 2a wherein conflicting subframes are always prioritized as UL subframes or in an alternate prioritization example as shown in Figure 2b. So, Alternative 2 can be seen to introduce substantial constraints on the choice of which subframes may be used for data transmission for half-duplex UEs thereby resulting in additional implementation and testing complexity. Moreover, in case of a DL subframe on SCell (e.g. subframe #3 in Figure 2b) followed by an UL subframe on PCell (e.g. subframe #4 in Figure 2b), the UE behaviour in the overlapped period of these two subframes would need to be specified. In addition, corresponding RAN4 testing procedure would be necessary to guarantee the requirement. Finally, in comparison with Alternative 2, Alternative 1 minimizes the complexity of eNB scheduler because eNB does not need to consider whether the UE has been scheduled in the UL or should transmit UL feedback in a specific subframe when performing DL scheduling on conflicting subframes. 
· UE power consumption: Alternative 2 requires a half-duplex UE to monitor DL subframes on SCCs that can potentially carry PDCCH and PHICH for possible scheduling information if it has not been instructed to perform UL transmission on any cell during a conflicting subframe. Therefore, additional battery power consumption at the mobile terminal is expected. On the contrary, half-duplex UE with Alternative 1 could provide long battery life, both in stand-by and during activity as low-cost terminals. 
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Figure 2: new TDD UL-DL configurations with Alternative 2.
While there is no practical difference between the two alternatives with respect to maximum DL throughput performance, the alternative of following PCell direction offers more robust operation and is far superior to the latter alternative in terms of specification complexity, UE power consumption and testing/implementation aspects. Therefore, we propose: 

Proposal 1: For half-duplex UEs, UL/DL prioritization in conflicting subframes always follows the transmission direction of the PCell. The PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration. 
3 Conclusions
In this contribution, we addressed some HARQ timing issues regarding half-duplex UEs for different TDD UL-DL configurations. Based on the presented analysis, we propose:
Proposal 1: For half-duplex UEs, UL/DL prioritization in conflicting subframes always follows the transmission direction of the PCell. The PDSCH HARQ timing on SCell shall follow the PCell SIB1 configuration. 
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On PDSCH timing for the case where SCell(s) downlink subframes is a superset of PCell (namely case B)


In case of self scheduling


For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing


Can be revisited after discussion of other DL and UL cases


FFS which alternative to choose for half-duplex case, in case of self scheduling,  


Alt 1: the transmission direction of all subframes follow Pcell SIB1 configuration


Alt 2: the transmission direction is determined by eNB


On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)


In case of self-carrier scheduling, 


For half duplex case, working assumption is the timing table in alternative 1


FFS which alternative to choose for half-duplex case, in case of self scheduling,  


Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration


Alt 2: the transmission direction is determined by eNB
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