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1 Introduction
In RAN4 #69, the issue of the half-duplex (HD) switching time for a low cost MTC UE was discussed in response to the LS from RAN1 [3] requesting clarification as to what the expected switching time for Rx-to-Tx and Tx-to-Rx for such a new HD MTC UE [2] [5]. It was noted that the switching time would need to accommodate both the round trip propagation delay as well as the physical switching time between Tx and Rx. Based on discussion of these issues, the following Way Forward was agreed to [6]:
· The factors accounted for HD-FDD guard period are provided in this WF.
· Rx-to-Tx guard period 
· (1) Round trip time ( up to maximum of 667us as the maximum E-UTRAN cell coverage 
· (2) OFF-to-ON switching time (including oscillator adjustment time ) ( [X]us
· Tx-to-Rx guard period 
· (1) ON-to-OFF switching time (including oscillator adjustment time ) ( [X]us
· Companies are encouraged to provide the analysis on X and the corresponding reply LS shall be finalized in next RAN4 meeting.
This contribution discusses the OFF-to-ON and ON-to-OFF switching time for the Rx-to-Tx  and Tx-to-Rx  guard periods respectively.

2 Discussion
For an HD-FDD implementation of an MTC UE, one of the major contributors to the TX-to-RX and RX-to-TX switching time is the settling time of the phase lock loop (PLL) in the MTC UE transceiver. Clearly the use case for which the TX-to-RX or RX-to-TX switching is at the same frequency will have the lowest latency and furthermore if there are valid TX or RX settings available such that updates to existing control loops in the RX AGC are unnecessary, then the switching time can be relatively fast.
However, for a HD-FDD MTC UE one will obviously have to switch between the  transmit and receive frequencies and allow the PLL to settle to a defined accuracy. It is possible to design an MTC transceiver such that two PLL’s are employed, one for the TX chain and the second for the RX chain, however given that the focus is on a low cost MTC UE, it is assumed that the MTC UE will only employ a single PLL. For a HD-FDD implementation of an MTC UE, this single PLL will need to switch frequencies and settle to an agreed accuracy of frequency stability. In order to reach a typical LTE frequency stability of 0.1 ppm, a typical PLL will require several hundred usec to settle.
Observation #1:

For HD-FDD TX-to-RX and RX-to-TX switching, the specified guard period will need to accommodate both the switching delay of the HD-FDD switch as well as the settling time of the PLL circuitry in the MTC UE to reach a stable frequency setting.
In addition to allowing the PLL to reach a stable frequency upon switching, the HD-FDD switching will also need to allow the AGC circuitry of the HD-FDD UE to settle. The minimum AGC settling time will be on the order of 2 to 3 LTE symbols. Combining the PLL and AGC settling time, the total typical switching time for the TX-to-RX or RX-to-TX HD-FDD implementation will be on the order of 0.5 msec or 1 slot of an LTE subframe. Combining the TX-to-RX and RX-to-TX switching time, the total implementation margin will be 2 x 0.5 msec or one subframe.
It should also be noted that this margin is consistent with the implementation margin for inter-frequency measurement gaps defined in Table 8.1.2.1 of TS36.133 [7] (i.e. 2 x 0.5 msec.). 
As noted above, given that the RTT can be up to 667 usec, the need for up to 0.5 msec for HD-FDD frequency switching implies that the total switching time requirement for TX-to-RX or RX-to-TX can be up to 1.17 msec or impacting 2 subframes. Given that the vast majority of cells will have an RTT of much less that 667 usec, and less than 500 usec, it is proposed that the total HD-FDD switching time be defined as 1 msec or 1 subframe for TX-to-RX or RX-to-TX in “normal” cells with a range of less than 75 km (corresponding to a RTT of 500 usec). If the cell range is extended and has a range greater than 75 km, it is proposed that 2 subframes be reserved for HD-FDD switching for TX-to-RX or RX-to-TX transitions.

Observation #2:

A typical PLL settling time to reach a stability of 0.1 ppm is on the order of several hundred usec.

Observation 3#
A minimum settling time for the MTC UE AGC will be at least 2 to 3 LTE symbols. 
Proposal #1:

The required implementation margin for Rx-to-Tx and Tx-to-Rx frequency switching time expected for support of half duplex FDD operation for low complexity MTC UEs is nominally 1 subframe or 2 x 0.5 msec for DL-to-UL and UL-to-DL switching and back.
Observation 4#
The total required Rx-to-Tx and Tx-to-Rx guard period for HD-FDD MTC UE will need to accommodate both the 667 usec RTT and the 0.5msec frequency switching for a total of 1.17 msec

Proposal #2:

The required implementation margin for the Rx-to-Tx or Tx-to-Rx guard period be defined to be 1 msec or 1 subframe for cells with a range of less than 75 km.  The total implementation margin for support of half duplex FDD for both the Rx-to-Tx and Tx-to-Rx guard periods is nominally 1 subframe.

Proposal #3:

The required implementation margin for a Rx-to-Tx or Tx-to-Rx guard period be defined to be 1.17 msec or 2 subframes for cells with a range of greater than 75 km.  The total implementation margin for support of half duplex FDD for both the Rx-to-Tx and Tx-to-Rx guard periods is nominally 2 subframes.

3 Conclusion
This paper discussed the half duplex switching time requirements of an MTC UE and highlighted the corresponding impacts in RAN4. In summary, the following major observations and proposals are made:
Observation #1:

For HD-FDD DL-to-UL switching, the specified guard period will need to accommodate both the switching delay of the HD-FDD switch as well as the settling time of the PLL circuitry in the MTC UE to reach a stable frequency setting.
Observation #2:

A typical PLL settling time to reach a stability of 0.1 ppm is on the order of several hundred usec.
Observation 3#
A minimum settling time for the MTC UE AGC will be at least 2 to 3 LTE symbols. 

Proposal #1:

The required implementation margin for Rx-to-Tx and Tx-to-Rx frequency switching time expected for support of half duplex FDD operation for low complexity MTC UEs is nominally 1 subframe or 2 x 0.5 msec for DL-to-UL and UL-to-DL switching and back.
Observation 4#
The total required Rx-to-Tx and Tx-to-Rx guard period for HD-FDD MTC UE will need to accommodate both the 667 usec RTT and the 0.5msec frequency switching for a total of 1.17 msec

Proposal #2:

The required implementation margin for the Rx-to-Tx or Tx-to-Rx guard period be defined to be 1 msec or 1 subframe for cells with a range of less than 75 km.  The total implementation margin for support of half duplex FDD for both the Rx-to-Tx and Tx-to-Rx guard periods is nominally 1 subframe.

Proposal #3:

The required implementation margin for a Rx-to-Tx or Tx-to-Rx guard period be defined to be 1.17 msec or 2 subframes for cells with a range of greater than 75 km.  The total implementation margin for support of half duplex FDD for both the Rx-to-Tx and Tx-to-Rx guard periods is nominally 2 subframes.
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