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1 Introduction
A LS [1] to RAN4 was email approved in RAN1, the main content is as below,
A new low complexity UE category for MTC application is to be specified for all duplex modes including half duplex FDD mode. UL/DL switching” for HD-FDD operation is assumed in RAN1 to be handled as specified in Section 6.2.5 of TS36.211 (from Rel-8 onwards) also for low complexity MTC UEs when operating with/without coverage enhancement. 

RAN4 is requested to identify what switching time would be expected from Rx to Tx and Tx to Rx for the new UE category when operating in half duplex FDD mode, so that RAN1 can further evaluate the impact of the above assumption.
The action part is

RAN1 respectfully asks RAN4 to identify the Rx to Tx and Tx to Rx switching time expected for support of half duplex FDD operation for low complexity MTC UEs, and indicate any identified RAN1 specification impacts related to half duplex FDD operation to RAN1.
In this contribution we analyze the Rx to Tx and Tx to Rx switching time for support of HD-FDD and a corresponding reply LS is also provided in this RAN4 #69 meeting.
2 Discussion
The GP of HD-FDD operation is specified in TS36.211 section 6.2.5 as,
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. 

The RF switching time for UL-to-DL and DL-to-UL is as the general ON/OFF time mask defined in TS36.101, shown in Figure 1. The general ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power.
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Figure 1. General ON/OFF time mask
In the LS, it was stated that “UL/DL switching” for HD-FDD operation is assumed in RAN1 to be handled as specified in Section 6.2.5 of TS36.211 (from Rel-8 onwards) also for low complexity MTC UEs when operating with/without coverage enhancement. In our understanding, this so-called UL/DL switching doesn’t simply mean the RF UL/DL switching (namely ramping-up/ramping-down) but means the guard period defined in TS36.211. Thus, we need to clarify that the RF switching time for HD-FDD is 20μs for both Rx-to-Tx and Tx-to-Rx.
Proposal 1: For HD-FDD, the pure RF Rx-to-Tx and Tx-to-Rx switching time are both 20μs as transient periods.
In order to elaborate on the guard period for HD-FDD, we can first use the analysis method which we used for TDD. In the [2], the all components of guard period for TDD was provided,
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Figure 2 illustration of GP
The time period of GP accommodates the following 5 parts, as shown in figure 1.

1. DL propagation delay + UL propagation delay; (namely RTT)
2. eNB synchronization error; (HD-FDD needn’t to count this factor)
3. Time for UE ramping up;

4. Time for UE ramping down;
For TDD, considering that synchronization error always exists between eNBs, a UE cannot switch on its transmitter immediately after DwPTS reception in order to avoid interference to a nearby UE receiving DwPTS from other cell. However, for HD-FDD, as DL and UL are on the different frequencies, there are no interference in the cross subframe. Thus part 2 is no need to be accounted into the HD-FDD guard period. 
On the other hand the ramping up and ramping down time for TDD and FDD are identical as general definition in TS36.101.  For RTT we can still use the E-UTRA maximum coverage 100km required in TR25.913,

E-UTRA should support the following deployment scenarios in terms of maximum cell range:

-
up to 5 km: performance targets defined in clause 7.1, 7.2, and 7.3 should be met.

-
up to 30 km: slight degradations in the achieved performance for the targets defined in clause 7.1 and more significant degradation for the targets defined in the clause 7.2 is acceptable however mobility performance targets defined in clause 7.3 should be met.

-
up to 100 km: should not be precluded by the specifications.
Based on the analysis of each part, we can adopt the part 1, 3 and 4 to deduce GP for HD-FDD. The DL-UL GP is:

DL-UL GP = RTT (667μs) + Time for UE ramping up (20μs) + Time for UE ramping down (20μs) = 707μs;

Similar in TDD, the UL-DL GP can be zero, because the ramping-down time was already included in DL-UL GP as an additional timing advance and there is a natural time interval from UL to DL as shown in the shadow part in Figure 3.
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Figure 3. natural interval of UL- DL switching 

In order to be a simple implementation, the DL-UL GP can be round to 10 OFDM symbols (0.714ms) as TDD.

Thus, the proposal can be got as,

Proposal 2: For HD-FDD, Rx-to-Tx guard period is 10 OFDM symbols (0.714ms), and Tx-to-Rx guard period is zero.
Furthermore, since the guard period is same as R8 TDD and the TS36.211 already captured how to handle the overlap during Rx-to-Tx switching for HD-FDD, we don’t see any impact on current RAN1 specifications.
3 Conclusion
In this contribution we analyze the Rx to Tx and Tx to Rx switching time for support of HD-FDD, the proposal is,

Proposal 1: For HD-FDD, the pure RF Rx-to-Tx and Tx-to-Rx switching time are both 20μs as transient periods.
Proposal 2: For HD-FDD, Rx-to-Tx guard period is 10 OFDM symbols (0.714ms), and Tx-to-Rx guard period is zero.
Moreover, a corresponding reply LS [3] is also provided in this RAN4 #69 meeting.
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