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1. Introduction

At the RAN #53 plenary meeting in Fukuoka, Japan the study item on the “Provision of low-cost MTC UEs based on LTE” was approved [1]. During the San Francisco, and Dresden RAN1 WG meetings, a number of contributions discussed, from different angles, possible cost reduction techniques targeting low-cost MTC UEs. One of the possible avenues coming out of this exercise is the half-duplex communications protocol support. This paper analyses the cost reduction area and the overall cost estimate reduction concerning a LTE modem, when half duplex communication is employed.
2. Low Cost MTC. Half Duplex Alternatives.
[2] references this topic as sub-section #6.6 of the “Concepts for provisioning of low cost MTC UE” section.
2.1. Technological Aspects

In order to highlight the potential cost savings introduced by the half-duplex implementation targeting a low-cost MTC UE device, a generic LTE platform architecture [3], was used as a reference, as presented in Fig. 1.
The higher-end LTE modems have features which would not be employed by a low-end (cost wise) MTC UE (indicated as grayed-out blocks in Fig. 1) like:

· SD host

· The entire Host I/F, since a low-cost MTC UE would not require additional application CPU, data interfaces (Ethernet, USB etc) or support other protocols (like CMMB).

The LTE modems intended for low-cost MTC applications are expected to comprise the following (main) blocks:

· BaseBand/Power Management/CPU chipset.
· RF chipset with the attached RF I/F.
· SDRAM and Flash memory and their related Memory I/F.
· Clock and time management (also generically known as LO). 

· Debugging and interruption GPIO support.

The half-duplex implementation targets the following MTC UE platform blocks:

1. BB/PM chipset

By implementing the half duplex communication the overall Rx/Tx data streams processed byBB/PM chipset are halved. This will trigger the following consequences:

·  Half clock frequency applied to the ARM and DSP cores, thus reducing the BB/PM chip’s heat dissipation and  optimizing the packaging cost.
· Reduced  L1 and data cache, thus reducing significantly the gate size of  the DSP core

· The L2 data cache, internet, data traffic content management could be reduced significantly, potentially reducing the dual ARM core to a single generic lower frequency ARM unit.
· The Tx and Rx HARQ traffic will be reduced accordingly, thus triggering, implementation dependent, a lower size SDRAM. It should be noted that, implementation dependent, some dedicated MTC BB/PM silicon may integrate entirely the related SDRAM on the same BB/PM chip.
· The Clock Time Management would be re-designed targeting lower clock frequencies for the RF module (analog clock), ARM and DSP core (digital clock), which should decrease marginally the overall cost of the Clock/Time Management (LO included).However the sampling BB frequency and the LO RF frequencies are not expected to be affected by a half-duplex operation.
· RF I/F is no longer required to support a multi-protocol RF module (which should be true for any low-cost MTC application), though the multi-protocol Digi RF interface could be replaced by a lower cost  uni-protocol RF I/F (like JESD 207, supporting half-duplex FDD operation)
· The power management unit is indirectly impacted by the reducing the digital clock frequency of the ARM and DSP cores. 
· The half-duplex MTC LTE BB (PHY) reductions are expected  to be marginal, in terms of gate reduction ratio expressed as % referenced to the overall BB/PM chipset gate count.
Accordingly, the impacted areas of a half-duplex operation on MTC UE are highlighted in yellow in the following figure, when compared with a full functionality LTE modem . 
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Figure 1. LTE modem architecture and the related half duplex communication implementation.
2. RF Module

The main changes brought on the RF module by a half-duplex operation follow:

· Circuit reductions of the TX, RX buffers on the I/F side, serial interfaces (Tx and Rx), I/F clock speed, which may not be non-significant, if considered as cost savings % referenced to the overall platform cost.
· A major possible RF cost reduction is caused by supplanting the multi-protocol SW defined radio I/F and RF chipset Digi RF with a simpler uni-protocol interface (like JESD207) RF chipset supporting half-duplex operation . However, it should be noted that this change is not necessarily triggered by the half-duplex operation, being  rather specific  to the overall fixed (low-cost)MTC UE applications, expected to be serviced by a singular air interface protocol (LTE). 
· No major cost savings are expected from the RF TDD front-end since the filtering and power amplifier are expected to remain the same. Marginal savings are expected for the FDD RF-FE case, since the duplexed unit could be replaced by a switch. However, application dependent, a high-end RF switch may offset the RF duplexer cost savings.
3. Other components

- The external SDRAM size is expected to be downsized (implementation dependent), due to reduced HARQ operation. It should be mentioned that reduced HARQ operation could also be triggered by other non half-duplex related causes.
2.2. Half-duplex MTC UE related cost savings evaluation.
For this evaluation, the MTC UE platform architecture, presented in Fig. 2, was considered. 
It should be mentioned that any cost effective optimization exercise is heavily dependent on the specific design implementation, therefore any generic cost optimization exercise is impacted by heavy uncertainties. In this regard, the following estimate should be considered informative only.
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Figure 2. MTC UE BB/PM and RF chipset generic architecture.

Note: the cost reductions presented in Table 1 are expressed as % referenced to the overall LTE modem cost.

	
	LTE Modem Section
	Block
	Estimated Min Cost Reduction [%]
	Estimated Max Cost Reduction [%]
	Comments

	Base Band/Power Management
	BB/PM chipset
	ARM Core
	2.3
	2.8
	

	
	
	DSP Core
	0.3
	0.4
	

	
	
	PHY
	0.3
	0.4
	

	
	
	Power Management
	0.3
	0.4
	

	
	
	I/F
	0.1
	0.2
	

	
	
	Packaging
	0.05
	0.07
	

	
	
	Miscellaneous
	
	
	

	
	Flash Memory
	
	
	
	

	
	SDRAM Memory
	
	1.0
	2.0
	Not necessarily a half-duplex implementation

	
	USIM (I/F and card)
	
	
	
	

	
	Miscellaneous
	
	
	
	

	
	Total BB/PM savings [%]
	4.3 (3.3)
	6.2 (4.2)
	

	RF
	RF-FE
	
	3.0
	4.0
	Not necessarily a half-duplex implementation

	
	RF Chip
	
	10.1
	15.1
	Not necessarily a half-duplex implementation

	
	LO
	
	1.0
	2.0
	

	
	Miscellaneous
	
	0.3
	0.5
	

	
	Total RF Savings [%]
	14.4 (1.3)
	22.6 (2.5)
	

	Total [%]
	18.7 (4.6)
	28.8 (6.7)
	


Table 1. Informative cost reductions of a low cost half-duplex MTC TDD LTE Modem.
Note: The parenthesis values are half-duplex only reductions.
Summarizing the potential cost savings, following a half-duplex implementation on a low-cost MTC UE modem (referenced to an overall LTE modem based on architecture presented in Fig. 2):

· Cost savings range: [18….28] %
However these figures become much smaller, when the half-duplex only savings are considered (based on Table 1)

· Half duplex only cost savings: [4…6]%
Observations:

· Any half-duplex implementation should be carefully balanced against the increased development cost of the BS scheduler, due to the increased complexity caused by the simultaneous full-duplex and half-duplex UE operation.
· The coverage is not impacted by a half-duplex implementation.

· The application spectral efficiency is not really impacted (vs. the theoretical one), since the targeted low-cost MTC applications employ a low bursty type of UL traffic model.

· No significant cost reductions (expressed as % to the overall modem cost) are expected for a FDD modem, due to the considerations expressed at #2.1 (2).

2.3. Traffic Impact

Assuming the following UL traffic scenario, possible involving a LTE MTC UE:

· Application: smart metering

· UL packet size: 1000 bits

· UL Speed (min): 59 kbps

· Traffic model: half-duplex

· Macro-cell MTC population: 15 000 UE

· Type of service: triple service (water, hydro and gas)
The minimal polling time (Tmin_poll), in an after-outage scenario, for the entire macro-cell MTC population is:

Tmin_poll = [15000*(3x1000 bits /59 kbps)*2]/60=25 min
This falls short of a fast cell population polling time, targeting a 1-5 min range for smart metering or sensor networks like application, in after outage scenarios.

In order to reach a 2 min cell population polling time, under the given circumstances , the half-duplex UL speed has to be increased to 750 kbps. Practically a half-duplex scheme would double the cell polling time and this is augmented by the minimal UL speed scenarios. While this phenomenon is technology agnostic, LTE could overcome such an issue while GSM technology can’t, due to the superior throughput provided.
3. Conclusions
The implementation of half-duplex protocol on MTC LTE UE has the following advantages:
· Marginal cost savings (implementation dependent) when supported by a dedicated LSI ASIC. 
Disadvantages:

· Increased eNodeB costs due to the increased BS Scheduler development costs
· Double MTC cell population polling time in after outage scenarios, for some applications such a condition becoming a severe limitation
· No flexibility in order to allow the carrier to double the traffic throughput, when new business requirements would require full-duplex operation.
Overall, the half-duplex implementation on low-cost MTC LTE UE remains an arguable option, with marginal advantages offset by concerning limitations.
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