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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 the last meeting, the Rx to Tx and Tx to Rx switching time were discussed in [2], and one way forward was approved [3] as below,
· 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. 
In this contribution we further 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 meeting.
2 Discussion
2.1  Rx-to-Tx switching time
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. 
So it is seen that only the definition of Rx-to-Tx guard period is specified in RAN1. As pointed out in the way forward [3], Rx-to-Tx guard period consists of two parts: round trip time and OFF-to-ON switching time.

· Round trip time
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.
Thus RTT is up to maximum of 667us as the maximum E-UTRAN cell coverage.
· OFF-to-ON switching time
Based on the discussion in last meeting, OFF-to-ON switching time consists of oscillator adjustment time and power ramping up time.
Using one oscillator is a likely implementation for low complexity MTC UE. If one oscillator is used for HD-FDD and UE is switching from Rx on f1 to Tx on f2, the oscillator needs to change the frequency from f1 to f2, which will additionally introduce the oscillator adjustment time. From the UE general implementation point of view we propose 230s for this oscillatorfrequency switching.
On the other hand, the OFF-to-ON switching time also includes the time for RF power ramping up, which can be considered as the general ON/OFF time mask (20s) 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
 Figure 2 is an illustration for Rx-to-Tx switching between DL#1 and UL#2,
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Figure 2. Illustration for Rx-to-Tx switching

Based on the analysis above, the total Rx-to-Tx switching time can be calculated as,

Rx-to-Tx switching time = RTT (667μs) + oscillator adjustment time (230μs) + Time for UE ramping up (20μs) = 917μs

In order to simple implementation, the max Rx-to-Tx switching time can be round to 1ms as one subframe.
Obsevation1: Rx-to-Tx switching time is up to 1ms for low complexity MTC UE under HD-FDD..

2.2  Tx-to-Rx guard period

In the current RAN1 specifications, Tx-to-Rx guard period for HD-FDD was not mentioned. The main reasons can be summarized into two aspects: (1) there is no overlap area between UL subframe and the following DL subframe; (2) assumed two individual oscillators for HD-FDD UE. However, for low complexity MTC UE, probably only one oscillator is equipped for frequency switching, which will also introduce the oscillator adjustment time as mentioned in section 2.1. Hence, the additional oscillator adjustment time will impact the Tx-to-Rx guard period. Figure 3 is an illustration for Tx-to- Rx guard period,
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Figure 3. Illustration for Tx-to-Rx switching
From figure 3, we can find that the ON-to-OFF switching time is overlapped with RTT in the time domain. In order to consider the worst case and to offer enough margins for UE implementation, we assume that the RTT approaches zero, and therefore the Tx-to-Rx switching time purely depends on the ON-to-OFF switching time. 

The ON-to-OFF switching time consists of oscillator adjustment time and power ramping down time. Similar to the analysis in section 2.1, the Tx-to-Rx switching time can be calculated as,
Tx-to-Rx switching time = oscillator adjustment time (230μs) + Time for UE ramping up (20μs) = 250μs

In order to simple implementation, the max Tx-to-Rx switching time can be round to 4 OFDM symbols.

Obsevation2: Tx-to-Rx switching time is up to 4 OFDM symbols for low complexity MTC UE under HD-FDD.

Proposal1: For low complexity MTC UE under HD-FDD, the Rx-to-Tx switching time is up to 1ms and the Tx-to-Rx switching time is up to 4 OFDM symbols

2.3  Possible impact on RAN1 specifications
Firstly, in the current TS36.211, there is no definition for Tx-to-Rx guard period, but for low complexity MTC UE it needs to specify a guard period definition into the TS36.211.
Secondly, the current definition of Rx-to-Tx guard period may need to be extended to cover low complexity MTC UE, as the guard period for low complexity MTC UE is different from one for legacy UE. The current definition is: 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 highlighted part of “the last part of a downlink subframe” may be not proper if the guard period closely approaches 1subframe.
Proposal2: the definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity MTC UE under HD-FDD.
3 Conclusion
In this contribution we analyze the Rx to Tx and Tx to Rx switching time for support of HD-FDD, and also discuss the possible impact on the current RAN1 specifications. The proposals are,

Proposal1: For low complexity MTC UE under HD-FDD, the Rx-to-Tx switching time is up to 1ms and the Tx-to-Rx switching time is up to 4 OFDM symbols

Proposal2: the definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity MTC UE under HD-FDD.
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