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Evaluation Methodology for complexity/cost (Part 2)
Introduction
During the Cellular IoT Telco#5 , the following agreements were reached:

1) Only complexity of the modem is in scope of evaluation

a. Modem complexity evaluation is divided into two parts: RF and baseband complexity.

2) Cellular IoT modem complexity is evaluated against complexity of legacy GPRS modem.

a. Device should be GPRS only

b. Device should support +33 dBm output power

c. Quad band GPRS is used as a commercial reference and the complexity of single band GPRS is derived from the Quadband reference. The single band CIoT complexity is compared with the derived single band GPRS CIoT. It is desirable to show the complexity of quad band CIoT also.

[Ericsson] Our understanding of the discussion at the telco was to use a commercial reference for the GPRS chipset. It is fine to understand what part comes from band reduction, but we still believe a commercial reference point should be used for the baseline.
d. A multislot class 10 capability is assumed for legacy GPRS. 

3) Continue email discussion until GERAN#64 to:

a. Clarify list of components besides RF and baseband that are relevant to modem complexity.

b. Discuss whether it is sensible to assign a percentage of the modem complexity to those components.

c. Summarise the methodology described in the reference document from u-Blox and discuss whether it is appropriate for evaluation of CIoT complexity. 

This document highlights the open points for discussion until GERAN#64.
Open issues on Evaluation methodology for CIoT device complexity
	What makes up RF complexity of Modem?
	Huawei

· Duplexer/switch 

· Front-end (LNA, filters)

· Local oscillator

· Power amplifier

· RF transceiver

· Others?

	
	Ericsson:

· All RF circuitry and external components contributing to analog signal provision to digital BB. 

· Supported bands will have impact to the complexity analysis.

· External components:

· Duplexer(s) and switch(es)

· Filter(s), RX band filter and TX pre PA filter in case it is needed

· Reference crystal ( TCXO or free running XO)

· LNA(s), in case they’re external

· PA(s), in case they’re external

· EMC filtering elements impacting spectrum spurious response

· RF Transceiver (integrated circuitry)

· RX analog signal processing

· LNA(s), in case they’re integrated

· On chip matching elements

· Mixer(s), in case multiband operation.

· Local oscillator(s) 

· AGC and channel selectivity filter(s), in case they’re in analog domain.

· TX analog signal processing 

· TX analog modulation circuitry

· TX power ctrl (AGC) 

· Pre PA TX filtering, in case it is on chip

· Local oscillator, in case not shared with RX

· PA, in case it is integrated

· On chip TX matching circuitry, in case not shared with RX

	What makes up the baseband complexity?
	Huawei

· ADC/DAC

· Receiver processing (firmware, memory processor?)

· Transmitter processing(firmware, memory processor?)

· Memory size

· Others?

	
	Ericsson

· All BB circuitry and external components which contributes to digital signal processing.

· Number of bands does not impact to BB complexity

· External components

· Reference crystal, in case not shared with RF 

· External program memory, if required

· ADC and DAC (complexity depends on dynamic range, i.e. filtering and AGC spilt between analog and digital domains).

· RX signal processing, Phy, L1-3 

· Complexity is SW vs. HW partition dependent

· CPU/MCU 

· On chip memory, both program and payload

· RX HW accelerators, if used

· TX signal processing, Phy, L1-3

· TX HW accelerators, if used

· Any other functionality, which does not share HW recourses (CPU and/or memory) with RX

	What  are the components, in addition to RF and baseband that contribute to the complexity/cost of a CIoT modem
	Ericsson

There shouldn’t be any component left out from modem analysis. Complexity in this analysis is limited to modem HW, and even SW development and system integration (IOT) to a working solution is not considered. If the scope is reconsidered, we believe these aspects should also be assessed. 

We want to point out that analysis is limited to modem functionality. Full working module functionality is broader than this, driven by application and commercial terms and hence out of scope for 3GPP discussions. Such issues as example are operating voltage domain, i.e power domain generation, required HW interfaces to and out from module, required OTA application SW support, need for mechanics and connectors, to name few aspects contributing to the cost.

	Is it appropriate to assign a percentage of the complexity/cost of the modem to components that cannot be classified as RF or baseband? If so, what should be the percentage of the complexity/cost assigned to those components?
	Ericsson

Above analysis is targeting to compare differences in complexity between 2 radio accesses. It is not appropriate to include other costs of modules into this analysis, since it would make comparison between legacy GPRS and cellular IoT solutions more complicated.  Ericsson has pointed out from the beginning of this work that at least half of the module costs (≥50 %) are not due to whatever radio solution we use, but are driven from application, product design, manufacturing, etc. reasons. These cost and complexity variations are not driven by radio system selection.

	How to work out the overall complexity?
	Huawei proposal:

The metrics used for the complexity analysis of each RF and baseband component shall be declared.

· RF

· Duplexer/switch


1 Duplex mode

· front-end ( LNA, filters)


1 The number of supported frequency bands

1 The number of RF chains

· Local oscillator


1 Frequency tolerance

1 The number of oscillators

· Power amplifier

1 The number of frequency bands

1 Integration level

1 Output power

1 Efficiency

· RF transceiver


1 receiver/transmitter architecture

· Baseband

· ADC/DAC

1 Sample rate

1 Quantization accuracy

· Physical layer processing (including synchronization/cell search, receiver processing, transmitter processing, measurement)

1 Number of baseband operations per second

1 Number of baseband operations per information bit

1 Elapsed time

The overall complexity saving shall be a weighted average of the complexity saving for each RF and baseband component.

Comments

	
	Ericsson:

We do not fully understand how this approach would be executed between different solutions and doubt it would for example allow for a comparison using different partitioning. 

In general terms the outcome of this exercise in our eyes should be:

· What overall complexity reduction can be achieved compared to legacy GPRS?
· Integration level: How many external components are needed? Do different solutions enable different components to be used? 

· Silicon complexity: Any significant differences? 

· R&D development effort both device and NW side

· Etc.

Silicon Foundry and component pricing is out of scope.

	Alternative proposal to  evaluate complexity


	The following description is  an attempt to describe the methodology outlined in the attached document (provided by U-Blox):


[image: image1.emf]An alternative cost  comparison methodology for LTE-M_v4.pdf


1) Modem cost is a function of the following:

a. Silicon area required to implement the technology as a SoC with RF (that can be fitted on chip) + baseband.

b. Packaging costs

c. Cost of RF components that cannot be fitted on chip

d. IPR costs 

e. R&D amortisation

Proposal: IPR costs and R&D amortisation costs are excluded from analysis. Packaging cost, cost of RF components outside the chip should be characterised for each candidate technology (or assume constant for all technologies?)

Comments 



	
	Ericsson:

· This proposal suggest that modem cost = module cost, which in our eyes is misleading. In commercial product/chipset these aspects are indeed contributing to chipset cost, but significant portion of cost and complexity is driven by the application needs rather than radio itself. As an example, package solution is not solely driven by modem, but overall application needs, and needed I/O‘s as whole.

· Silicon area and power consumption are indeed good indication of complexity. However we are reluctant to discuss the resulting cost, since it assumes certain silicon and package costs, which can vary on different bilateral agreements between companies and vendors, covering i.e. different level of R&D development tools etc. license fees. Vendors will anyway have their own bilateral commercial agreements, which they certainly are not disclosing in this work.



	How to evaluate the complexity of the candidate technology SoC (for alternative proposal) ?
	Description from referenced document:

The complexity of the candidate technology SoC relative to the legacy GPRS SoC is evaluated as follows:

1) Assume a RF + baseband are integrated on one chip (System on Chip) with only RF PA, T/R switch and RF filtering implemented outside the chip.

2) Assume that the cost of the chip is proportional to the area of silicon required to implement RF+ baseband on the chip.

3) Determine a baseline silicon area for a GPRS SoC modem implemented according to the assumptions for legacy GPRS.

4) For each candidate technology evaluate the overall silicon area required to implement the RF+ baseband component of the technology as a SoC.

5) The percentage complexity of the SoC as a function of the complexity of a GPRS modem is taken as the area of the silicon area required for the SoC for the candidate technology to the area of silicon required for the legacy GPRS modem. 

Comments



	
	Ericsson:

1) We agree that external component count is important criteria. Will vendor integrate PA in his design or not, should be left open.

2) Yes, assuming that all designs are in same process node. One should note that using different process nodes will result different RF & BB area ratios.

3) Baseline single chip GPRS SoC requires more clarification, since whole SoC includes also application and power management functions. Therefore also in baseline reference we should have clarity what is the area consumed for modem functions alone.  

4) Yes, if this considers radio modem functionality alone, and excluding power management and application & interfaces functionality.

5)
Yes, comparison is for modem area alone. However as noted earlier, different silicon processes will result different area gains.

	How to evaluate the silicon area for a candidate technology?


	Description from referenced document:

1) Identify all components required on the SoC for the candidate technology

a. Radio

b. Data conversion

c. DSP hardware

d. DSP cores

e. Control cores

f. On-chip memory

g. Digital fabric

2) Identify the complexity of the components for each candidate technology.

3) Translate the complexity requirement for the component into a silicon area requirement. 

Comments



	
	Ericsson

1)
Yes. Each proponent should list what they have considered in their analysis. 

2)
We are a bit puzzled why and how would one even assess each component complexity in on chip design? Is that even relevant?

3)
Yes


Summary of email discussions
Input was provided by Ericsson to this email discussion. GERAN WG1 is requested to continue discussion based on this input. 
1(8)
4(8)
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1 Introduction

In the 3GPP Technical Report on MTC [1] a cost modeling approach was used based on a reference Category 1
LTE terminal. Various simplifications to the LTE protocols were studied and proposals made by various
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.

The cost reduction target chosen was ~66% to enable the MTC modem cost to be equivalent to an EGPRS
multi-slot class 2 device. That is, there is a built-in assumption that the cost of the EGPRS modem is ~33% of
the LTE Category 1 modem. This assumption is mentioned in references [2, 3] but without supporting evidence.

At least one of the LTE-M proposals already made seems to have little commonality with conventional LTE other
than the fact that it operates in a 180 kHz resource block. For this and other potential proposals, it may prove
very difficult to compare their complexity with LTE and hence use the previous methodology to assess relative
cost, if the processing required is very different from LTE. This is particularly a problem since LTE-M must be able
to reach a significantly lower cost than GPRS or LTE-MTC to unlock the mass “Internet of Things” market.

Thus a more general cost assessment methodology is required, and preferably one which is more explicitly linked
to the cost of the GPRS reference case. This document proposes that this should be 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.

2 Modem cost factors

There are a number of factors that affect the cost of a cellular modem.

1. Silicon area. 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
(such as is appropriate for a mass-market technology) will reduce as VLS| technology advances from
node to node. The RF parts of a chip may not scale in the same way depending on the processing
approach used.

2. Packaging. Chips need to be packaged to be usable, and this imposes a significant cost. Generally the
more complex the chip the more pins are needed, and this can increase the size of the package. Both
the packaging itself and the process incur cost. To minimise overall product cost, it is desirable to
minimise the number of packages, especially if this also minimises the pin-out. (For example, a single-
chip modem might only require RF, power, and data I/Os, whereas a baseband chip may need quite
complex interfaces to external components such as the RF transceiver, external memory etc.)

3. R&D Amortisation. Apart from R&D costs associated with the modem system, very large costs can be
incurred in the design, validation, and prototyping of a chip using the latest/smallest process node.
Amortisation of these costs needs very high volumes to be negligible.

4. IPR. A modem device may instantiate both essential and non-essential patents. The general view is that
these are lowest for GSM, rather high for 3G, and lower for LTE. It is extremely difficult to quantify the
overall IPR charges, especially as IPR holders have different policies on where they are applied in the
supply chain and may apply different royalty rates for different types of terminal device. Any new
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system proposal may or may not infringe the claims of existing patents and may or may not introduce
new IPR.

3 LTE-M cost comparison methodology

Some of these cost factors particularly impact the comparison methodology in [1]. For example:

e Single-chip SoC's are now common for GSM, which minimise packaging cost, whilst today all LTE
systems use separate RF transceiver and baseband devices’. For the purposes of cost comparison, it is
proposed that a single-chip realisation of an LTE-M device 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.

e GSM benefits from 3 decades of intense R&D and the sales of billions of devices; whilst LTE is at present
at the start of its market life. The cost comparison should therefore neglect any R&D amortisation as
this is hard to predict and different methods can be used to account for it.

e Many of the GSM essential patents have reached or are reaching the end of their validity period and in
any case it has not generally been the practice in GSM to assert EIPR against SoC vendors. On the other
hand there a vast number of granted and pending patent claims in 3G and LTE, not to mention other
radio systems. Therefore, whilst some commentary on applicable IPR may be included in any proposal,
no costs for patent licensing should be included.

e Another aspect of IP licensing for an SoC are the charges associated with using standard microcontroller
and DSP cores, and other IP such as turbo decoders or general digital fabric. Whilst these can be
significant in determining actual cost, they are unpredictable and vary depending on the IP supplier
used. Therefore these also should be neglected in the cost comparison.

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 allow it to be inferred.

e Reference 4 discusses a GSM/GPRS device developed and marketed by Tl 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 mm’, 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).

e Reference 5 describes a current Broadcom EGPRS device fabbed in 65 nm CMOS which has an
estimated die area 37 mm’, estimated size 6.7 x 5.6 mm.

e Reference 6 presents a Mediatek EGPRS device, again fabbed in 65 nm, estimated overall size 8.6 x 8.1
mm, area ~70 mm’.

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’. 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 functionality needed
for a complete phone being built in.

Based particularly on [4] a reasonable estimate for the silicon area for an EGPRS modem SoC would be ~ 15 - 20
mm’ 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.

' SoC = System on Chip

? This has been done so that the most effective digital processes can be used to implement the highly complex
signal processing that LTE needs.

® 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.
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It is therefore proposed that the modem “cost” for an LTE-M 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 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 cost 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.
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