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1 Introduction
RAN2#85 meeting discussed the support of HD-FDD operation for low cost MTC UEs, and the following agreement was made:
· No changes/enhancements for support of half duplex are required from RAN2 point of view. 
However, in the same meeting, RAN4 sent an LS [1] to RAN1, in which the following RAN4 conclusion is included:
· For low complexity HD-FDD MTC UE, the Rx-to-Tx switching time is up to 1ms if single oscillator is used. 

· For low complexity HD-FDD MTC UE, the Tx-to-Rx switching time is up to 1ms if single oscillator is used. 

In this contribution, we will discuss how the UE PDCCH monitoring procedure in the MAC specification will be impacted by the RAN4 LS.
2 Discussion
HD-FDD implies that a single UE cannot receive and transmit at the same time, while the eNB still operates in full duplex mode. During LTE Rel-8, it was proposed that HD-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). 
For normal UEs with HD-FDD operation, the DL-to-UL switching time is short since two oscillators are equipped. The guard period for DL-to-UL switching is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe. The guard period for UL-to-DL switching could be provided by means of timing advance, hence 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:

-
monitor the PDCCH;
-
…
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 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 (which could be 250 us or up to 500 us if single oscillator is used [2]), 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. The detailed analysis on the guard period for DL-to-UL switching as well as UL-to-DL switching can be found in [3]. Above analysis is also reflected by the RAN4 LS [1].
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Figure 1: DL-to-UL switching                  Figure 2: UL-to-DL switching
Observation 1: Low cost MTC UEs may not able to receive the whole downlink subframe immediately preceding an uplink subframe for HD-FDD UE operation.
Observation 2: Low cost MTC UEs may not able to receive the whole downlink subframe immediately following an uplink subframe for HD-FDD UE operation.
For low cost MTC UEs with HD-FDD operation, since eNB has no idea about the exact DL-to-UL switching time as well as UL-to-DL switching time, it will always assume that the switching timer is 1ms. Then, eNB will not schedule the downlink subframe #(n-1) immediately preceding an uplink subframe #n, as well as the downlink subframe #(n+1) immediately following an uplink subframe #n. Consequently, low cost MTC UEs shall stop monitoring the PDCCH on the PDCCH-subframe immediately preceding or immediately following an uplink subframe.
Proposal: For a low cost MTC UE, if a PDCCH-subframe is immediately preceding or immediately following an uplink subframe for HD-FDD operation, it shall not monitor the PDCCH on the PDCCH-subframe.
3 Conclusion

In this contribution, we analyzed the HD-FDD operation for low cost MTC UEs, and we have the following observations:
Observation 1: Low cost MTC UEs may not able to receive the whole downlink subframe immediately preceding an uplink subframe for HD-FDD operation.
Observation 2: Low cost MTC UEs may not able to receive the whole downlink subframe immediately following an uplink subframe for HD-FDD operation.
Based on the above observations, we have the following proposal:
Proposal: For a low cost MTC UE, if a PDCCH-subframe is immediately preceding or immediately following an uplink subframe for HD-FDD operation, it shall not monitor the PDCCH on the PDCCH-subframe.
The corresponding MAC CR is provided in [4].
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