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1 Introduction
A work item has been approved in RAN#60 on "Low cost & enhanced coverage MTC UE for LTE" [1] with the objective to specify a new UE category for MTC operation in all LTE duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type shall support the following capabilities:

· Single receive antenna
· Downlink and uplink maximum transport block size (TBS) of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channels in the baseband

Half duplex operation of the MTC UE is one of the high priority techniques to bring complexity and cost reductions in the new UE category [2]. Furthermore in the context of half-duplex operation RAN1 has requested clarification on the switching time expected to be required to support half-duplex FDD operation as per the following LS request [3]:
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.

2 Discussion
Currently the guard period for the operation of half-duplex FDD and TDD operation is specified in sections 6.2.5 and 6.2.6 of TS36.211 [4] to be:
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. 

6.2.6
Guard Period for TDD Operation

For frame structure type 2, the GP field in Figure 4.2-1 serves as a guard period. 
For reference, based on Figure 4.2-1 and Table 4.2-1 of TS36.211 [4], Table 1 below tabulates the guard period defined for each configuration of TDD, in which Ts is the basic time unit (i.e. 1/30720 msec) and RTT is a round trip time from the serving eNB to the UE and back based on the available guard period assuming a perfect switching time (i.e. assuming no switching delay between the UL-to-DL or DL-to-UL).
Table-1: TDD Guard Period as a function of TDD Configuration
	TDD Configuration
	DwPTS (Ts)
	UpPTS (Ts)
	Guard Period (Ts)
	Guard Period (usec)
	Max RTT distance (km)

	0
	6592
	2192
	21936
	714.06
	107.11

	1
	19760
	2192
	8768
	285.42
	42.81

	2
	21952
	2192
	6576
	214.06
	32.11

	3
	24144
	2192
	4384
	142.71
	21.41

	4
	26336
	2192
	2192
	71.35
	10.70

	5
	6592
	4384
	19744
	642.71
	96.41

	6
	19760
	4384
	6576
	214.06
	32.11

	7
	21952
	4384
	4384
	142.71
	21.41

	8
	24144
	4384
	2192
	71.35
	10.70

	9
	13168
	4384
	13168
	428.65
	64.30


The minimum guard period for TDD is 71.35 usec (i.e. 1 LTE symbol), whereas the maximum guard period for TDD is 714 usec or 10 LTE symbols. 

In half duplex FDD (HD-FDD) mode of operation, transmission and reception at a specific terminal are separated in both frequency and time. However, it is worth noting that the base station still uses full-duplex FDD (FD-FDD) operation as it may simultaneously schedule different terminals in uplink and downlink. In terms of terminal design, the HD-FDD operation eliminates the need for TX-RX isolation, however a switch is required to ensure discrete transmission and reception at the UE. Additional filters/duplexers may also be considered. This architectural modification will also have an impact on the receiver characteristics and the UE performance. Figure 1 illustrates a generalized design for a HD terminal featuring a single receive RF chain according to [2] and assuming no additional filters in the receive chain. As mentioned previously, the HD-FDD MTC UEs shall use different sub-frames for UL and DL transmissions. As such, it is expected that there is a need for guard periods at the downlink-to-uplink and uplink-to-downlink switching instances. As per the regular HD-FDD LTE UE specifications, this guard period for DL-to-UL switching is created for example by allowing the terminal to possibly skip receiving at least part of the last OFDM symbol(s) in a DL sub-frame. For initial HD-FDD analysis assume TDD configuration 1 as the exemplar for comparison.
Due to the presence of a switch in the transmit/receive path of the HD-FDD MTC UE (i.e. see Figure 1), both switching delay and propagation delays will need to be accommodated in any specified guard period.


[image: image1]

Figure 1: HD UE with single receive RF chain
As per normal LTE operation, it is assumed that the MTC UE adjusts its DL and UL timing to be synchronized to the eNB timing. Thus for HD-FDD operation, the UE will then need to perform a timing adjustment of RTT/2 (i.e. start the UL transmission RTT/2 early) for transmission of UL data to ensure it arrives at the serving eNB with proper timing. Since the DL transmission will arrive at the UE, RTT/2 after the eNB transmits its data, the HD-FDD will have to accommodate a propagation time component of RTT in the HD-FDD DL-to-UL switching. The value of RTT will of course be dependent on the deployment scenario under consideration. Thus the MTC UE will essentially DRX the last 1 or more symbols in the DL transmission.
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 a full RTT propagation delay between the MTC UE and the serving eNB due to the need for the UE to synchronize its timing to that of the serving eNB.

For UL-DL switching in a HD-FDD implementation of an MTC UE, since the MTC UE adjusts its UL timing by an RTT/2 timing advance adjustment, to ensure that it is not transmitting when scheduled DL transmissions are to be received the guard period will only need to accommodate the delay in the HD-FDD switch, assuming that the UE is synchronized to the timing of the eNB and only transmits in frames for which the serving eNB schedules UL transmissions.

Observation #2:

For UL-DL switching in a HD-FDD implementation of an MTC UE the guard period will only need to accommodate the delay in the HD-FDD switch.
In order to access the impact of RTT on the required HD-FDD guard period, Table 2 lists potential scenarios that for which low cost MTC UE’s could be deployed, as well as their potential RTTs or minimum required guard period assuming a zero delay switching time.
Table 2: Minimum guard period as a function of round trip time for various deployment scenarios

	Scenario
	Max cell size distance (m)
	Minimum Required Guard Period (usec)

	Macro ISD = 500m
	288
	2

	Macro ISD = 1732m
	1000
	7

	Pico 
	100
	< 1

	femto
	50
	< 1

	Pico-to-macro
	100 to 1000
	1 to 7

	Femto-to-macro
	50 to 1000
	1 to 7

	Enhanced coverage scenarios
	TBD
	

	Rural deployments
	10 – 100 km
	67-  670


From Table 2 it can be seen that for macro deployments with inter-cell distances of less than 10 km, that the minimum guard period to account for round trip time offsets for HD-TDD will be less than 1 LTE symbol. Thus for these scenarios, the required guard period for DL-to-UL switching of an HD-FDD implementation of an MTC UE due to propagation will be less than one LTE symbol. 
Observation #3:

For urban and suburban deployments with inter-cell distances of the less than 10 km, a required guard period for DL-to-UL switching of an HD-FDD implementation of an MTC UE due to propagation will be less than one LTE symbol with normal CP ( i.e. less than 67us). 
As discussed above, the switching delay of the HD-FDD switch will also have to be included in both the guard period of the DL-to-UL transitions and the UL-to-DL transitions. The value of this delay will be dependent on the switch implementation. Typical values for LTE TDD switch implementations are 40 usec and this value can reasonably be assumed for the estimation of HD-FDD switching delay.
Proposal #1:

The specified delay for an HD-FDD MTC UE switch can be assumed to be comparable to the specified delay for a TDD DL-to-UL or UL-to-DL switch in an LTE UE, which is nominally 40 usec.
In addition to the need for guard periods to accommodate DL-to-UL as well as UL-to-DL switching under normal eNB to UE synchronization, an additional scenario that merits consideration is the use case of an unsynchronized MTC UE requesting access to the network with a PRACH transmission on the UL.

For example, if a half-duplex FDD UE is in a connected state but not uplink synchronized, it may use PRACH to send a scheduling request when data arrives in its uplink data buffer. The eNB may not be aware of this and hence it may happen to schedule a DL transmission when the UE is transmitting PRACH. This type of scheduling conflict cannot easily be mitigated by a guard period and it is proposed that no guard period be proposed to accommodate such a scenario.
Proposal #2:

HD-FDD scheduling conflicts due to unscheduled UL PRACH transmissions from an MTC UE will not be mitigated by DL-to-UL or UL-to-DL  guard periods or timing adjustments.
3 Conclusion
This paper discussed the half duplex switching time requirements of an MTC UE and highlighted the corresponding impact 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 a full RTT propagation delay between the MTC UE and the serving eNB due to the need of the UE to synchronize its timing to that of the serving eNB.

Observation #2:

For UL-DL switching in a HD-FDD implementation of an MTC UE the guard period will only need to accommodate the delay in the HD-FDD switch.
Observation #3:

For urban and suburban deployments with inter-cell distances of the less than 10 km, a required guard period for DL-to-UL switching of an HD-FDD implementation of an MTC UE due to propagation will be less than one LTE symbol with normal CP (i.e. less than 67us). 

Proposal #1:

The specified delay for an HD-FDD MTC UE switch can be assumed to be comparable to the specified delay for a TDD DL-to-UL or UL-to-DL switch in an LTE UE which is nominally 40 usec.

Proposal #2:

HD-FDD scheduling conflicts due to unscheduled UL PRACH transmissions from an MTC UE will not be mitigated by DL-to-UL or UL-to-DL  guard periods or timing adjustments.
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