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1 Introduction
It was concluded at RAN1 #67 [1] that RAN1 solution should support both full-duplex and half-duplex in  the interband TDD CA scenario with different UL-DL configurations on different bands. In addition, it was agreed to strive for a common solution for both full-duplex and half-duplex. Recently in RAN2#79, a new signaling to indicate a support of simultaneous RX and TX was introduced for TS 36.331. 
In this contribution we discuss MAC layer impacts of support of half-duplex and full-duplex UEs in TDD inter-band CA with different UL-DL configurations on different bands. We aim for minimal specification impact beyond the support of full-duplex UE operations in this same scenario..
2 Discussion
As a background, in Rel-8 TDD, the UEs support only half-duplex operation. In fact, UL and DL cannot occur simultaneously and thus there are no specific consequences of this limitation.  However, as in Rel-11, simultaneous UL and DL is possible due to different TDD UL/DL configurations, different operation modes (half-duplex or full duplex) need to be taken into account in MAC layer procedures. 

Rel-8 LTE specifies half-duplex FDD operation in the MAC specification. In that operation mode, the UE is not able to transmit and receive at the same time. Half-duplex FDD is realized by dynamic scheduling so that the received scheduling grant determines the link direction. Scheduler also makes sure that different signals in uplink and downlink do not collide. In the MAC specification and DRX section, the UE does not need to monitor PDCCH when UL transmission is expected. 
Similar to half-duplex FDD, half-duplex TDD can be realized with scheduling solutions with minimal impact to the core specifications. In addition to minimize specification impacts, the dynamic scheduling approach allows flexible usage of UL/DL directions in subframes supporting both UL/DL and affords high throughput benefits even for these half-duplex UEs. 

In half-duplex TDD, if the network schedules the UE to transmit in UL subframe(s), such grants are sent in advance so the UE is fully prepared to perform the transmission. If a UE had not been instructed to perform UL transmission on any cell during a conflicting subframe, the UE shall monitor cell(s) that can carry PDCCH for possible scheduling information. 
Proposal 1 Half-duplex operation for interband TDD CA is to be implemented as a scheduler constraint similar to Rel-8 half-duplex FDD.

Proposal 2 A half-duplex TDD UE is not required to monitor PDCCH in a subframe when it is required to perform UL transmission.
2.1 Detailed evaluation of the solution

In the previous subsection we proposed that the half-duplex TDD operation is standardized as a scheduler constraint solution similar to Rel-8 half duplex solution. In this subsection we discuss transmission of different DL and UL signals in detail.

PUSCH transmission and PDCCH/PHICH monitoring 

Always when the UL transmission on PUSCH is granted, the UE shall perform UL transmission instead of receiving in downlink. As the PDCCH can occur in any PDCCH subframe during DRX Active time, as proposed in the previous subsection, it should be clarified in the DRX subsection of the MAC specification that the UE is not required to monitor PDCCH when UL transmission is instructed.

To avoid parallel transmission on PUSCH and reception of PHICH, the network can refrain from scheduling a PUSCH transmission for the same subframe when PHICH occurs. This is possible because the subframe when PHICH is expected is known in advance. Other way around, it is also possible to avoid scheduling PDSCH if it expected that HARQ ACK/NACK on PUCCH and PHICH will collide.  

CSI transmission and PDCCH/PHICH monitoring 

Half-duplex UEs should send CSI/SRS when they are expected to do so. During those subframes, they cannot receive new DL grants or UL assignments on PDCCH. The eNB scheduler can take this into account by not sending DL signals to the UEs during subframes when the UL transmission is expected. 
PRACH transmission and PDCCH/PHICH monitoring 

The UE is expected to send RA preamble on PRACH when RA procedure is triggered. This can occur e.g. when a scheduling request is triggered due to new data in the UL buffer but the UE is not synchronized and does not have SR resources on PUCCH. When the UE sends PRACH, it is not able to receive in DL. Similar to CSI, the eNB scheduler can take this into account by not sending PDCCH signals to the UEs during the subframes when PRACH transmission is expected. Because the network cannot know exactly when PRACH transmissions are expected, in some cases it might send still DL signals to the UE. The UE may miss these transmissions due to transmissions on PRACH. However, because this situation should not be common, the overall performance impact should be negligible.
3 Conclusion

In the contribution, we have made the following proposals:

Proposal 3 Half-duplex operation for interband TDD CA is to be implemented as a scheduler constraint similar to Rel-8 half-duplex FDD.
Proposal 4 A half-duplex TDD UE is not required to monitor PDCCH in a subframe when it is required to perform UL transmission.
CR based on proposals made in this contribution is given R2-124898 [1].
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