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Introduction
At GERAN#62 a new SI was agreed[footnoteRef:1] to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things communications. This contribution discusses the methodology for comparing the terminal modem complexity and by implication cost for different technical approaches[footnoteRef:2].   [1:  GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, VODAFONE Group Plc., GERAN#62]  [2:  This contribution contains material previously submitted to the LTE-M Special Interest Group convened by Vodafone between March 2013 and March 2014.] 

[bookmark: _Toc50780942]The 3GPP Technical Report on MTC [1] used a cost modelling approach based on a reference Category 1 LTE terminal.  Various simplifications to the LTE protocols were studied and proposals made by participants as to the cost impact on different aspects of the RF and baseband circuitry.  Then a consensus view was taken as to the overall cost impact, and a set of complexity reduction strategies chosen to meet the cost reduction target.  A broadly similar approach has been proposed for the present GERAN study on cellular IoT (CIoT).
A problem with this approach is that one may have to compare devices using very different technical characteristics, for example an evolution of present-day GSM with a narrow-band single carrier system or one based on OFDMA.  It can become very difficult to make valid comparisons working at the "block diagram" level.  This document proposes an alternative based on an assessment of the silicon area required for a putative single-chip (RF and baseband) modem in a particular silicon process node, assuming that other costs, such as external RF Front-End components, crystal, PCB, flash memory etc. will be relatively common between different proposals.  
Modem cost factors
There are a number of factors that affect the cost of a cellular modem.  One of the key factors is the size of the silicon die or dies used in the baseband and RF processing.  Given a particular VLSI process node, the number of chips that can be made from a given wafer is inversely proportional to their area, and thus given a fixed wafer cost, the manufacturing cost per chip is proportional to its area.  For a given complexity (measured for example by gate count), reducing the node geometry reduces area, and hence the device cost for very large scale production will reduce as VLSI technology advances from node to node.  However the RF parts of a chip may not scale in the same way depending on the signal processing approach used.  
Single-chip SoCs are now common for GSM, which minimises packaging cost.  For the purposes of cost comparison, it is proposed that a single-chip realisation of a cellular IoT MS should be assumed with all the circuitry except possibly the RF PA, T/R switch, and RF filtering (if needed), contained on the SoC. This will be a prerequisite for very low cost.
A number of papers in the open literature have described the design of GSM/GPRS SoCs.  All of these realise the digital baseband and RF transceiver functions without needing SAW filters and need only external PAs, crystals and RF switches.  The following papers either explicitly give overall chip dimensions or provide information (such as chip micrographs) that permit it to be inferred.
· Reference 4 discusses a GSM/GPRS device developed and marketed by TI in the 2000s.  This used a novel “Digital Radio Processor” (DRP) which enabled the RF portion of the device to be effectively scaled with the digital baseband.  The device described was fabricated in 90 nm CMOS and had a die area of 24 mm2, estimated size 5.3 x 4.5 mm.  A later version of “LoCosto” was fabricated in 65 nm – however it had greater functionality and may have had a similar die size (no published reference giving the die size of this later device has been found).
· Reference 5 describes a Broadcom EGPRS device fabbed in 65 nm CMOS which has an estimated die area 37 mm2, estimated size 6.7 x 5.6 mm.  
· Reference 6 presents a Mediatek EGPRS device, again fabbed in 65 nm, estimated overall size 8.6 x 8.1 mm, area ~70 mm2.
All these SoCs are aimed at the “ultra low cost” – ULC – phone market segment and therefore have more functionality than is needed for an M2M modem, such as support for keyboards, displays, audio, etc.   It is difficult to estimate the area saving that would result from removing these[footnoteRef:3].  Note that the devices in [5, 6] include EDGE which adds significant complexity to the receive signal processing.  It isn’t clear why the Mediatek device is nearly double the area of the Broadcom, but this is probably because of additional built-in functionality needed for a complete phone.   [3:  It is worth noting that such devices are used today in low-cost M2M modules; and there is a trend to provide more functionality and interfaces in such modules.] 

Based particularly on [4] a reasonable estimate for the silicon area for an EGPRS modem SoC would be ~ 15 – 20 mm2 on a 65 nm process node, including close-coupled RAM.  Further refinement of this estimate is desirable to identify just those elements necessary for the modem and radio functionality.  
It is therefore proposed that the modem complexity for a CIoT system proposal should be estimated as follows.
· Assume an implementation where the major baseband and RF functions of the modem are on a single SoC.  External components would include the RF PA (if required), T/R switch, crystal, and possibly RAM/Flash memory, and are likely be relative common between proposals.
· Identify the hardware blocks needed in this SoC for implementing the proposal: processor cores for all protocol layers, DSP cores, dedicated processing logic, control logic, on-chip memory, data converters, RF circuits, etc;
· Specify the functionality of these blocks that mainly affect the size of the blocks: word widths, gate-count, firmware code size, linearity and so on;
· Estimate the required silicon area needed to implement the complete modem in a specific process node such as 65 or40 nm.
· Assume that rather similar external components will be required: low precision crystal or crystal oscillator; PA (if needed for higher output power); and T/R switch.  (Half-duplex operation is assumed.)
It will then be possible to compare the complexity of the modem with a reference GSM case by comparing its area with that published and/or estimated for state-of-the art GSM devices.  
Recommendation
The complexity and cost of the modems for different approaches to CIoT is best assessed through estimating the silicon area for the complete baseband and RF subsystems realised in a single System on Chip; assuming that similar external components such as PA, crystal, battery etc. will be used.
As a Working Assumption, a typical GSM single-chip terminal IC today will have an area of 20 mm2 when fabricated in a 65 nm CMOS silicon process.

References
	1.
	Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE (Release 12); 3GPP TR 36.888 V12.0.0; June 2013

	2.
	Matrix Analysis of MTC LTE UE Cost Reduction Strategies; 3GPP RAN1 document R1-120821; February 2012

	3.
	Further input to cost evaluation/analysis for low-cost MTC; 3GPP RAN1 document R1-121136; March 2012

	4.
	Muhammad et al; A Low Cost Quad Band Single Chip GSM/GPRS Radio in 90 nm Digital CMOS; Proceedings of the 2009 IEEE Radio Frequency Integrated Circuits Symposium; pp 197 – 200

	5.
	Darabi et al; A Quad-Band GSM/GPRS/EDGE SoC in 65 nm CMOS; IEEE Journal Of Solid-State Circuits, Vol. 46, No. 4, April 2011; pp 870 – 882

	6.
	Yu et al; A SAW-Less GSM/GPRS/EDGE Receiver Embedded in 65-nm SoC; IEEE Journal Of Solid-State Circuits, Vol. 46, No. 12, December 2011; pp 3047 - 3060





1(3)
[bookmark: _Toc458939174]3(3)
