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1. Introduction

It was concluded at RAN1 #67 [1] that, for the support of interband TDD CA with different UL-DL configurations on different bands,

RAN1 solution should support both full-duplex and half-duplex.

· Strive for a common solution for both full-duplex and half-duplex

In this contribution, we discuss solutions for half-duplex UE operations with minimal specification impact beyond the support of full-duplex UE operations in interband TDD CA with different UL-DL configurations on different bands. A corresponding contribution highlighting the necessary updates for MAC specification is available in [7], [8].
2. Scheduling Solution for Half-Duplex UE Operations

A UE not capable of simultaneous transmission in one band and reception in another band can be supported 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 conflicting subframes and affords high throughput benefits to even these half-duplex UEs. 

Proposal 1 Half-duplex operation for interband TDD CA is to be implemented as a scheduler constraint.
· A UE is not required to monitor PDCCH/ePDCCH in a subframe when it is required to perform UL transmission.

As for Rel-8 half-duplex FDD, if the network is to schedule 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 and PHICH for possible scheduling information. If PHICH is to be transmitted during a conflicting subframe, the network can refrain from scheduling a PUSCH transmission for the same subframe.
To adopt this solution, RAN2 can make a small change to the following clause in TS 36.321 [5]:

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.
Proposal 2 During the DRX Active Time, if a PDCCH-subframe is not required for uplink transmission for half-duplex TDD UE operation and is not part of a configured measurement gap, the UE shall monitor PDCCH/ePDCCH.
· The exact specification change is to be made in RAN2.
3. DL to UL Guard Period

If a terminal is scheduled such that downlink reception in one subframe immediately precedes a subframe of uplink transmission, a guard time is necessary for the terminal to switch from reception to transmission. In frame structure 2 for TDD, a guard time is created in the special subframe to allow such transition. This guard time is applicable also in the many case of Rel-11 support of interband TDD CA with different UL-DL configurations on different bands. For certain other cases, additional guard time may be needed.

Consider the case of DL only interband CA with configuration #0 and #2 cells. If the configuration #2 cell is the PCell as shown in Figure 1 (a), the guard time provide in the special subframe is enough. If the configuration #1 cell is the PCell as shown in Figure 1 (b), additional guard times will be needed to schedule the DL subframes 3 and 8 on the configuration #2 cell.
The Rel-8 solution for half-duplex FDD operations is provided by the following clause in TS 36.211 [6]:

6.2.5
Guard period for half-duplex FDD operation

For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. 

For the Rel-11 support of interband TDD CA with different UL-DL configurations, the following solution is proposed:
Proposal 3 For half-duplex TDD operation in interband TDD CA with different UL-DL configurations on different bands, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
· The exact length of the guard time is to be specified by RAN4.
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(a) Configuration #2 Pcell: no guard period needed.
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(b) Configuration #0 Pcell: guard period needed for subframes 3 and 8 on the configuration #2 cell.

Figure 1 Half-duplex UE operations in DL only CA with configuration #0 and #2 cells.
4. Conclusion

Based on the analysis in this contribution, we propose to agree on the following proposals for half-duplex operations in the support of interband TDD CA with different UL-DL configurations on different bands:

Proposal 1 Half-duplex operation for interband TDD CA is to be implemented as a scheduler constraint.
· A UE is not required to monitor PDCCH/ePDCCH in a subframe when it is required to perform UL transmission.

Proposal 2 During the DRX Active Time, if a PDCCH-subframe is not required for uplink transmission for half-duplex TDD UE operation and is not part of a configured measurement gap, the UE shall monitor PDCCH/ePDCCH.
· The exact specification change is to be made in RAN2.
Proposal 3 For half-duplex TDD operation in interband TDD CA with different UL-DL configurations on different bands, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
· The exact length of the guard time is to be specified by RAN4.
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