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1
Introduction
A new Rel-12 UE category will be created to support low cost MTC operation under the Rel-12 MTC work item, “low cost and enhanced coverage MTC UE for LTE” [1].  These capabilities, as listed below, will be supported by the new UE category:
· Single Rx antenna;

· Reduced TBS size with limit of 1000 bits for both DL and UL;

· Reduced PDSCH bandwidth to 6PRB (1.4MHz) in baseband;

· Support of half duplex FDD as well as full duplex FDD and TDD operation.

Half duplex FDD operation is an important feature to reduce UE complexity for low cost MTC devices.  Under this study, RAN 1 has sent a LS [3] to RAN4 for clarifications on Rx/Tx and Tx/Rx switching time of half duplex FDD UE.  The LS request is pasted here for reference:
1. Overall Description:

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.

2. Actions:

To RAN4:

ACTION: 
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.
During the last RAN4 meeting, two contributions discussed the relative half-duplex FDD issue [4][5].  In this contribution we continue the discussion to present our analysis on switching time for half duplex FDD.
2 
Analysis on Rx/Tx Switching Time

2.1 
RF switching time of half duplex UE

There are two aspects needed to be consideration for Rx/Tx switching time of HD-FDD operation.  The first aspect relates to the physical RF switching time of UE related Rx-to-Tx and Tx-to-Rx switching.  For low cost half-duplex MTC devices, a single Tx/Rx RF chain is usually applied with a Tx/Rx switch (instead of a duplexer).  Transition between the Tx/Rx switch, together with the transition between Tx/Rx RF chain, defines the RF switching time.  The transmit waveform of a half duplex UE, shall meet the ON/OFF time mask specified in Section 6.3.4.1 of TS 36.101, as pointed out in [5].  The transient time of Rx-to-Tx or Tx-to-Rx will be 20 µs.  The 20 µs transient period shall define the requirement of RF switching time for a half duplex FDD UE.  We support the proposal to continue use the 20 µs transient time for Rx to Tx switching and Tx to Rx switching.
Proposal 1: 
The RF transient time of half-duplex FDD UE shall be at most 20 µs for Rx to Tx switching, and at most 20 µs for Tx to Rx switching.

2.2 
Rx-to-Tx gap period
The second aspect relates to the gap period for HD-FDD operation.  

Half duplex FDD operation, similar to TDD operation, needs a gap period when DL transmission is switched to UL transmission.  It is almost impossible to schedule an immediate UL transmission after a DL transmission, because the channel propagation delay in the context of LTE deployment plus the UE RF switching time are usually significantly greater than the cyclic prefix of LTE.  The normal CP length of LTE is ~5µs, while the RTT can be as high as 667 µs (30km propagation), and the typical UE RF switching time is 40µs.  
Current RAN1 spec TS 36.211 specifies the guard period for the operation of half-duplex FDD in Section 6.2.5:

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.
This specifies that a GP is needed for HD-FDD UE between a DL subframe and a UL subframe, although there is no specific GP length between DL/UL subframes.  RAN1’s LS [3] asked clarification on specific GP length between DL subframe and UL subframe.
Regarding the specific GP length, we may refer to TDD operation, as pointed in [4].  In Figure 4.2-1 of TS 36.211, the TDD guard periods between DL and UL are specified from 71.35 µs (1 OFDM symbol) to 714 µs (10 OFDM symbol), depending on TDD configuration.  It is a deployment choice to select a TDD configuration with a proper DL/UL guard period to ensure proper TDD operation. 

Similar analysis can be applied to half duplex FDD.  The half duplex FDD, as specified in LTE, shall be applied to all UE categories without the constraint to low-cost MTC devices.  The worst case, 100km cell range, should be supported for half duplex FDD as well.  The RTT of 100km plus UE RF switching time, the gap period of Rx-to-Tx will be about 714 µs (10 OFDM symbols).  For a smaller cell, for example, where the RTT of the cell range is less than 1 µs, the gap period shall still need to cover the typical UE RF switching time of 40 µs.  Round to an OFDM symbol, the gap period needs one OFDM symbol (~67µs).
The DL to UL transition problem to an eNB scheduler is whether it is possible to schedule a half-duplex UE UL transmission immediately following a DL transmission.  Based on our analysis, an immediate UL transmission after DL is impossible.  The gap period between DL and UL will be at least 1 OFDM symbol, or as long as 10 OFDM symbols, depending on cell size.  In terms of a subframe-level scheduler, the eNB scheduler shall wait at least one subframe to schedule a UL subframe after a DL subframe to a specific half-duplex UE.

Proposal 2:
With consideration of RTT of cell deployment, the gap period between DL and UL will be from 1 OFDM symbol to 10 OFDM symbols, depending on cell size. 
2.3 
Tx-to-Rx gap period
There will be no gap period for a UL-to-DL switching.  Usually the timing advance of UE has compensated the propagation delay and UE RF switching time for a half-duplex FDD UE.  Section 6.2.5 of TS 36.211 only specifies guard period for DL-to-UL switching.  This is also the case for TDD operation, where a DL subframe can be applied immediately after a UL subframe.
Proposal 3:   No gap period is need for UL to DL switching.

3 
Discussion and Conclusions

This contribution discussed the gap period for half-duplex FDD operation on DL/UL switching.  Based on our analysis, we propose:

Proposal 1: 
The RF transient time of half-duplex FDD UE shall be at most 20 µs for Rx to Tx switching, and at most 20 µs for Tx to Rx switching.

Proposal 2:
With consideration of RTT of cell deployment, the gap period between DL and UL will be from 1 OFDM symbol to 10 OFDM symbols, depending on cell size. 

Proposal 3:
No gap period is need for UL to DL switching.

According to the RAN1 LS, RAN4 needs to 
i) Identify the Rx to Tx and Tx to Rx switching time expected for support of half duplex FDD operation for low complexity MTC UEs;

ii) Indicate any identified RAN1 specification impacts related to half duplex FDD operation to RAN1.

Our three proposals indentified the Rx to Tx and Tx to Rx switching time, in terms of RF transient time and Tx/Rx gap period for half-duplex FDD operation.  
Regarding the RAN1 specification impact, RAN1 LS asks whether it is necessary to specify the gap period for half-duplex FDD operation, similar to the GP specification of TDD.  Based on our analysis, GP is essential between a DL subframe and a UL subframe, and the GP length can be 1 OFDM symbols to 10 OFDM symbols.  With any of these GP, a UL subframe cannot be scheduled to a half-duplex UE immediately after a DL subframe.  Following this rule in scheduling ensures proper protection during DL to UL switching.  Therefore, there is no need or little value to specify the gap period for half-duplex FDD operation.
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