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1 Introduction
Half-Duplex FDD implies that a single UE cannot receive and transmit at the same time, while the eNB still operates in full duplex mode. In Rel-8, it was proposed that Half-Duplex FDD is implemented as a scheduler constraint, implying that it is up to the scheduler to ensure that the UE is not scheduled simultaneously in uplink and downlink. From UE perspective, it always receives in the downlink unless it has been explicitly instructed to transmit in the uplink (either UL-SCH transmission or HARQ acknowledgements triggered by downlink transmissions).
Half-Duplex FDD operation is an effective way to have cost saving for MTC devices. Based on the LS from RAN4 [1], RAN1#77 further discussed the support of Half-Duplex FDD operation for low cost MTC UEs, and the following agreements were made:

· All HD-FDD Cat-0 UEs are assumed to have 1 oscillator.
· For half-duplex FDD operation for category 0 UEs, a guard period for Rx-to-Tx is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe from the same UE.
· For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the downlink subframe immediately following an uplink subframe from the same UE.

In this contribution, we will discuss how the UE PDCCH monitoring procedure will be impacted due to Half-Duplex FDD operation for low cost MTC UEs.
2 Discussion
For normal UEs with HD-FDD operation, the DL-to-UL switching time is short, since they are equipped with two oscillators. The guard period for DL-to-UL switching is created by the UE by not receiving the last part of the downlink subframe immediately preceding an uplink subframe. The guard period for UL-to-DL switching could be provided by means of timing advance, hence the UE could receive the downlink subframe immediately following an uplink subframe. The PDCCH monitoring procedure for normal UEs is specified as follow in the current MAC specification:

-
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; or
-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap; or

-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the PCell and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
-
…
For low cost MTC UEs with HD-FDD operation, as discussed and agreed by RAN1, given that a single oscillator is assumed, a longer guard period of 1ms will be provided, i.e. a guard period for Rx-to-Tx is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe, and a guard period for Tx-to-Rx is created by the UE by not receiving the downlink subframe immediately following an uplink subframe. A brief analysis on the guard period for DL-to-UL switching as well as UL-to-DL switching can be found in the Annex.
Correspondingly, from MAC layer perspective, low cost MTC UEs with HD-FDD operation shall stop monitoring the PDCCH on the PDCCH-subframe immediately preceding or immediately following an uplink subframe. The PDCCH monitoring procedure could be modified as follow:
-
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 immediately preceding or immediately following a subframe required for uplink transmission for half-duplex FDD UE operation if the UE is of category 0, and if the subframe is not part of a configured measurement gap; or
-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap; or

-
during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the PCell and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
-
…
Proposal: A low cost MTC UE doesn’t monitor the PDCCH on the PDCCH-subframe immediately preceding or immediately following an uplink subframe for HD-FDD operation.
3 Conclusion

In this contribution, we analyzed the MAC impact due to Half-Duplex FDD operation for low cost MTC UEs, and we have the following proposal:
Proposal: A low cost MTC UE doesn’t monitor the PDCCH on the PDCCH-subframe immediately preceding or immediately following an uplink subframe for HD-FDD operation.
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5 Annex
For low cost MTC UEs with HD-FDD operation, based on the UE implementation, the DL-to-UL switching time and UL-to-DL switching time could be 250 us (4 OFDM symbols) or up to 500 us (7 OFDM symbols) if a single oscillator is used [2]. Consequently, for DL-to-UL switching, low cost MTC UEs may not able to receive the whole downlink subframe immediately preceding an uplink subframe. For UL-to-DL switching, the timing advance may be smaller than the UL-to-DL switching time, hence low cost MTC UEs may miss the first part of the downlink subframe immediately following an uplink subframe. The DL-to-UL switching and the UL-to-DL switching for low cost MTC UEs are illustrated in Figure 1 and Figure 2 respectively.
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Figure 1: DL-to-UL switching                  Figure 2: UL-to-DL switching
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