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1. Introduction

Half-duplex FDD operation is already a supported mode in LTE and can be used to reduce the cost of low-rate MTC UE [1]. Like in TDD, duplexers are not needed which can reduce the cost of RF components in the UE modem.  This contribution analyzes cost reduction benefits versus coverage and capacity impacts from supporting only half-duplex operation at the UE.  It is expected that MTC coverage and capacity will not be impacted from half-duplex operation.  However, scheduler restrictions will be needed, which may add significantly to system complexity on the network side.
2. Summary of Analysis
Table 1 - Table 2 summarizes key points from half-duplex FDD operation.  Compared to a reference Category 1 UE, power consumption in the baseband modules should be reduced since the UE cannot receive and transmit at the same time.  This should allow some components to be put in a reduced power state until needed.  From a performance perspective, there should be only minimal or small impact to the capacity with no loss to the coverage.
Table 1.  Performance summary of half-duplex FDD operation.

	Performance Metric
	Evaluation

	Power consumption
	Some reduction in power consumption.  

	Coverage
	No impact.

	Capacity
	No or minimal impact.


From a cost saving perspective, meaningful reductions may be achieved in the RF modules from the removal of the duplexers.  But on the other hand, removing duplexers requires adding passband filters in both uplink and downlink directions which results in only half of the cost of duplexers can be saved. It is estimated that this can lead to approximately 15% cost reduction from total RF costs.  On the baseband side, some cost saving may be achieved due to reduced computational power needed. This is because in half-duplex there is no need to reserve IO throughput for concurrent download and upload transmission.  It is estimated that this can lead to approximately 5-10% cost reduction from total baseband costs.
Table 2.  Cost summary of half-duplex FDD operation.
	Cost Metric
	Evaluation

	Baseband
	Approximately 5-10% cost reduction from total baseband costs.

	RF
	Approximately 15% cost reduction from total RF costs.

	Overall cost 
	Approximately 9-12% cost saving for a reference LTE modem (Baseband + RF, UE category 1)


3. Half-Duplex FDD Operation
With half-duplex FDD operation, the UE can only transmit or receive at a time. This is similar to TDD, but without the explicitly predefined UL/DL configuration, control information (e.g. ACK/NACK) transmission timing and TDD-specific features.  In addition, the operator must support both half-duplex and full-duplex UEs concurrently within the network. Although half-duplex FDD operation is already a supported mode in LTE, it is not mandatory and therefore may not have been integrated into current eNB implementation.  In the case of a system designed to support only full-duplex FDD operation, changes are needed as discussed below.
For half-duplex UE, it is assumed that the UE will continuously listen to the downlink channels except when instructed by the network to transmit on the uplink.  Uplink transmissions may be based on higher-layer configuration (e.g. CQI), in response to downlink transmission (e.g. ACK/NACK), or scheduled (e.g. PUSCH).  In this case, the scheduler must ensure there are no scheduling conflicts for half-duplex UEs.  This will require the scheduler to consider data and control traffic in both directions when making scheduling decisions.  For example, the downlink scheduler must know of current uplink transmission (e.g. CQI, ACK/NACK, semi-persistent scheduled PUSCH, or PUSCH retransmissions).  Likewise, the uplink scheduler must be aware of upcoming downlink ACK/NACK or semi-persistently scheduled transmission. This can add to the scheduler complexity significantly.  In addition, for full-duplex UE, such scheduling restrictions are not needed, which can make concurrent support more complicated.
Furthermore, like in TDD, a switching time will be required by half-duplex UE when transitioning from one direction to another.  This may require changes to the specifications (e.g. to add guard periods or symbols), or through further scheduling restrictions to ensure that there is sufficient gap (e.g. no consecutive transmission when switching).  If frame structure changes are defined for half-duplex operation, this is obviously not required for full-duplex operation, thus further complicating system implementation.  It is our understanding that half-duplex FDD operation should not affect the frame structure for full-duplex FDD UEs. 
An alternative approach to support half-duplex FDD is to assign each half-duplex UE a TDD UL/DL configuration as if it were a TDD UE.  In this case, the half-duplex UE can follow TDD timing for control/data transmission and therefore there will be no potential scheduling conflicts.  However, multiple UL/DL configurations (best if they are orthogonal) must be simultaneously supported in order to efficiently utilize the FDD spectrum.  This approach, however, will require changes to the specifications and will also increase implementation complexity significantly.  
Additional possible changes to the standards are outlined in [3]-[4] for normal HD-FDD operation as well as to handle error cases.  They include the need for subframe timing offset, RRM measurement adjustments, and paging during random access procedure.

Half-duplex FDD operation is already a supported mode and can already be used for MTC without requiring specification changes.  However, while half-duplex mode can reduce modem cost, it may add significant implementation complexity to systems that have not been originally designed to support this mode.    Therefore, half-duplex FDD operation should not be a mandatory requirement for low-cost MTC devices.
4. Cost Analysis 

Cost reduction analysis has been done as per [5] (i.e. based on computational and memory reduction) – with RF accounting for 40% and baseband accounting for 60% as recommended for evaluation in [5].

With half-duplex FDD, the duplexers are not needed.  Typically, the cost of the duplexer is approximately 15-20% of the cost of the RF components.  This, however, is based on the assumption that the LTE modem must support several LTE bands as well as other RATs.  Low-cost MTC devices, however, may only have to support a single or few frequency bands.  Thus, the saving from half-duplex may not be as significant.  It is estimated that half duplex FDD can lead to approximately 15% cost reduction from total RF costs.
Additional savings from reduced complexity and memory may also be possible in the baseband modules.  This is because in half-duplex there is no need to provision processing power and memory for concurrent download and upload operations.  It is estimated that this can lead to approximately 5-10% cost reduction from total baseband costs.  This results in approximately 9-12% cost saving for a reference LTE modem (RF+baseband).
For comparison purposes, Table 3 provides a summary of the cost savings from different techniques using cost reduction analysis agreed in [5].

Table 3.  Summary for cost savings for different techniques.

	Technique
	Cost Reduction from total RF costs
	Cost Reduction from total baseband costs

	Bandwidth reduction    (5 MHz) 
	5%
	15%-30%

	Half duplex
	15%
	5-10%

	1 RX
	20%
	20%-40%

	Reduction of transmit power
	5%
	~0%

	Reduction of peak rate
	~0%
	15%-40%


5. Conclusion
It is estimated that half-duplex FDD operation can lead to approximately 9-12% cost saving for a reference LTE modem.  Coverage and capacity should not be adversely impacted from half-duplex operation.  However, significant implementation changes and complexity may be introduced to the network infrastructure, making this feature unattractive from the network side.  In addition, specification changes may be needed to fully support half-duplex deployment.  Therefore, half-duplex FDD operation should not be a mandatory requirement for low-cost MTC devices.
Recommendation: Half-duplex FDD operation is not mandatory for low-cost MTC UE.
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