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1 Introduction

A reply LS [1] from RAN4 to RAN1 was approved in the last RAN4 meeting with the main content:
· 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 

· The definitions of Tx-to-Rx and Rx-to-Tx guard period need to be clarified in TS36.211 for low complexity HD-FDD MTC UE.

The action is: 

RAN1 is requested to take the above information into further account in their future work.

This contribution discusses the guard period for HD-FDD LC-MTC UEs and the possible impact on the current RAN1 specifications. TPs are proposed in the annex based on the analysis. 
2 Rx-to-Tx guard period 
The GP for normal UEs of HD-FDD operation specified in TS 36.211 Section 6.2.5 is as following:

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.
In RAN4 discussion for HD-FDD LC-MTC UEs, there was a approved way forward [2] on this guard period issue, duplicated as below,

· 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 
It was assumed in RAN4 that a single oscillator is used by HD-FDD LC-MTC UEs, by which the Rx-to-Tx switching time is up to 1ms according to the RAN4 LS reply. The Rx-to-Tx guard period can be illustrated as Fig. 1. 

The maximum E-UTRAN cell coverage of the 667µs RTT (100 km) was taken into account when calculating the guard period in RAN4 for HD-FDD LC-MTC UEs. However, LTE cells are usually deployed to be much smaller than 100 km, and the OFF-to-ON switching time also depends on UEs capability. 

Hence, there are two options: (1) guard period in RAN1 is defined for the worst case; (2) guard period in RAN1 is defined for the best-effort receiving.
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Fig. 1. Rx-to-Tx switching
2.1 Option (1) with the Rx-to-Tx switching GP definition for the worst case
Considering the worst case, the guard period is rounded to 1 ms so that the UE will not receive the whole downlink subframe immediately before the switching point. From the network perspective, if it is specified that the UE will not receive the whole downlink subframe, it implies that eNB should not schedule the UE in this downlink subframe. 

Impact on UEs throughput is expected but impact on the network throughput is unclear since eNB can schedule other UEs in this downlink subframe. In addition, if the whole downlink subframe before switching (subframe n) were discarded, there may be an impact on uplink transmissions. Specifically, if the UE had an uplink transmission in subframe n-4, the UE will be unable to receive the PHICH for this uplink transmission in subframe n.
The Rx-to-Tx switching GP considering the worst case could be defined as following:

For half-duplex FDD operation for category 0 UEs, a guard period is created by the UE by not receiving the downlink subframe immediately preceding an uplink subframe from the same UE
2.2 Option (2) with the Rx-to-Tx switching GP definition for the best-effort receiving
For much smaller cells (< 100 km), the RTT in the GP calculation formula will be accordingly much less than 667 µs. In addition, the switching time could be at most 250 µs as the majority views as shown in Table 1.
Table 1. Summary of the switching time (without RTT)
	Company
	Tdoc
	Proposed switching time
	Corresponding context

	Broadcom Corporation
	R4-140683
	200us
	Observation 2: To allow single LO implementations in HD-FDD only UE’s, 200us time should be allowed for LO adjustment in TX-to-RX and RX-to-TX switching.

	MediaTek Inc.
	R4-140071
	150us
	Observation 1: The RF switching time is 150 us in HD-FDD mode as one oscillator is considered

	ZTE
	R4-140341
	200us
	Proposal: For MTC UEs supporting HD-FDD operation, OFF-to-ON switching time should be 200us. ON-to-OFF switching time should be 200us also.

	Interdigital
	R4-140433
	100us
	Observation 2: The LO switching time to account for is driven by the frequency settling time which is in the order of hundreds of micro seconds.

Thus:

Tue rx – tx = LO settling time = 100us

Tue tx – rx = 20us + LO settling time = 120us

	NSN, Nokia
	R4-140556
	20us
	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.

	NEC
	R4-140574
	50us
	Proposal 1: The Rx to Tx or Tx to Rx switching time in MTC UE should be of the order of 50 us.

	Ericsson
	R4-140776
	500us
	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.

	Huawei, HiSilicon
	R4-140189
	250us
	From the UE general implementation point of view we propose 230us for this oscillator frequency switching.

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 (20us) defined in TS36.101.


Based on these considerations, the GP may only collide with the last several symbols of the downlink subframe, and UEs can still try to decode the PCFICH, PDCCH, PHICH and a part of PDSCH, which can make the most effective use of this downlink subframe.

Hence the current GP definition in TS36.211 can apply to the option (2). 

For half-duplex FDD operation for category 0 UEs, 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.
Based the analysis and comparison between options, the following proposal is presented,

Proposal 1: The current GP definition applies to Rx-Tx switching for HD-FDD LC-MTC UE.
3 Tx-to-Rx guard period
In the current TS 36.211, the Tx-to-Rx guard period for HD-FDD is not specified, as the switching time for normal UE is short (20 µs transient period defined in TS 36.101 in the case of two oscillators) and it can be covered by RTT period.
In the RAN4 discussion for HD-FDD LC-MTC UEs, there was a approved way forward [2] on this guard period issue, duplicated as below,

· Tx-to-Rx guard period 

· (1) ON-to-OFF switching time (including oscillator adjustment time ) ( [X]us 
If assuming a single oscillator is used by HD-FDD LC-MTC UEs, the Tx-to-Rx switching time is up to 1 ms, which exceeds the RTT and could not be covered by TA. Hence, UE’s behaviour needs to be clarified in such case. 

There are two options for Tx-to-Rx GP definition: (1) guard period is defined for not transmitting (a part of) the uplink subframe preceding switching; (2) guard period is defined for not receiving (a part of) the downlink subframe right after switching.
3.1 Option (1) with not transmitting (a part of) the uplink subframe preceding switching
For option (1), Fig. 2 is an illustration for GP colliding with the uplink subframe immediately before switching.
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Fig. 2. GP colliding with the uplink subframe preceding switching

For half-duplex FDD operation, a guard period for Tx-to-Rx could be created by the UE by not transmitting (a part of) the uplink before switching to the downlink.
Note that the basic principle for HD-FDD operation discussed in Rel-8 is that the terminal is receiving in the downlink unless it has been explicitly instructed to transmit in the uplink (either UL-SCH transmission or hybrid-ARQ acknowledgements triggered by downlink transmissions). However, in the downlink subframe immediately after switching from uplink, there may not be the downlink transmissions for the UE, even though UEs should assume there is by default. 

Hence, the uplink subframe could be prioritized and guarantee the entire uplink transmissions. Note that the existing definition for Rx-to-Tx GP in TS 36.211 also maintains the uplink transmissions in the entire uplink subframe but creates the GP by not receiving a part of the downlink subframe.  
3.2 Option (2) with not receiving (a part of) the downlink subframe right after switching
For option (2), Fig. 3 is an illustration for GP colliding with the downlink subframe immediately after switching.
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Fig. 3. GP colliding with the downlink subframe immediately after switching

Similar to the Rx-to-Tx case, the GP for Tx-to-Rx could be created by not receiving a (part of) downlink subframe. The difference is that the first part of the downlink subframe for the best-effort receiving is discarded when the UE switching from uplink to downlink. 
‘up to 1 ms’ for Tx-to-Rx is stated in the RAN4 reply LS, so UEs could still try the best-effort receiving in the downlink subframe after switching. The overlap in the following downlink subframe is equal to switching time minus RTT. If the overlap is up to 3 OFDM symbols (about 214 µs), the downlink transmission on the last 11 (9 in the extended CP case) OFDM symbols could still be possibly decoded correctly when conveying EPDCCH and the scheduled PDSCH data, or MBMS. This option allows the UE to make the most effective use of the downlink subframe immediately after switching.
However, discarding the first part of the downlink subframe would incur missing control channels reception, including PCFICH, PDCCH, and PHICH. When there is neither scheduling information on PDCCH nor ACK/NACK feedback on PHICH for the specific UEs, then no impact is expected. When there is a UL grant or DL scheduling on the PDCCH but missed due to switching, it could be transmitted again in the following downlink subframes (after accounting for feedback delays). When the PHICH carrying ACK/NACK but is missed, then eNB could schedule new transmissions or retransmission by a UL grant in the following subframes (after accounting for feedback delays). Alternatively, if UEs predict there is ACK/NACK on PHICH by the fixed timing, UEs could choose to not transmit the last part of the uplink subframe before switching to the downlink. However, impact on the throughput is expected whichever of not transmitting a part of the uplink or not receiving a part of the downlink is adopted. 
Note that the discussion above assumes no scheduling restriction to the eNB. However, if the UE is expected to transmit ACK/NACK or configured to transmit SR or CQI reporting on the subframe n, eNB could ensure there is no downlink traffic scheduled on the subframe n+1. For uplink transmissions, the eNB could transmit UL grants in subframes n and n+1. Subframe n+2 can be used to switch. The UE can transmit the uplink in subframe n+4 and n+5 and then switch back. Restrictions to the eNB scheduler are expected in such a case. 
Overall, it is preferable to guarantee the uplink transmissions due to the possibility that there is no downlink transmission for the specific UE when switching to the downlink subframe if there is no restriction to the eNB scheduler, which leads to the following proposal,
Proposal 2: For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the first part of a downlink subframe immediately after an uplink subframe from the same UE. 
4 Conclusions
This contribution discusses the guard period for HD-FDD LC-MTC UE for Tx-to-Rx and Rx-to-Tx transitions and the possible impact on the current RAN1 specifications on defining the GP. Two proposals are presented,

Proposal 1: The current GP definition applies to Rx-Tx switching for HD-FDD LC-MTC UE.
Proposal 2: For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the first part of a downlink subframe immediately after an uplink subframe from the same UE. 
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Appendix A. Text proposal on section 6.2.5, TS 36.211
----------------------------------------------Start of TP on TS36.211----------------------------------------------

6.2.5
Guard period for half-duplex FDD operation

For half-duplex FDD operation, a guard period for Rx-to-Tx is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
For half-duplex FDD operation for category 0 UEs, a guard period for Tx-to-Rx is created by the UE by not receiving the first part of a downlink subframe immediately after an uplink subframe from the same UE.
----------------------------------------------End of TP on TS36.211----------------------------------------------
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