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Complexity/cost evaluation for Cellular IoT
Introduction
At GERAN#62, a new SI [1] was approved to study cellular support for ultra-low complexity and low throughput IoT. One aspect of the study is to evaluate the mobile station (MS) complexity/cost for each candidate Cellular IoT (C-IoT) solution, and therefore to evaluate the cost benefit relative to legacy GPRS.
In [2], some working assumptions were defined regarding the assumed functionality of the legacy GPRS solution in terms of scope, band support, multi-slot support, etc. This is a prerequisite for deriving the reference complexity/cost of the legacy GPRS solution.
The objective of this paper is to propose a methodology for estimating the MS implementation cost for each candidate C-IoT solution and also for legacy GPRS. The proposed methodology is intended to be suitable for both GSM Evolution and “clean-slate” styles of C-IoT solution, and also yields an absolute eBOM estimate for each C-IoT candidate solution that may be of wider interest.
Overview of proposed methodology
We believe that there are two alternative methodologies that could be adopted for the C-IoT complexity/cost evaluation for each candidate solution:
1. A “relative” approach, in which the complexity of each element of the C-IoT MS modem is estimated as a percentage of the corresponding element of a legacy GPRS MS modem. Then these relative complexities are combined using ratios that attempt to reflect the proportion of the overall modem cost that is attributable to each element. This provides an overall complexity estimate for the C-IoT modem, measured relative to the legacy GPRS modem.

2. An “absolute” approach, in which the eBOM of the C-IoT MS modem is estimated “bottom-up” based on ASP estimates for each component of the modem (including estimated costs for any custom silicon). This is then compared with an equivalent analysis of the eBOM of a legacy GPRS MS modem.
In the LTE-MTC study [3], the proposed approach was the “relative” method. However, the scope of the LTE-MTC study was rather different from the C-IoT study. In the LTE-MTC study, the objective was to remove functionality from existing LTE MS implementations in order to provide a lower functionality but lower complexity MS that is essentially a subset of a fully featured LTE MS. Therefore, it was plausible to analyze the cost benefits in terms of percentage reductions in complexity of individual elements of the modem, though substantial assumptions were still required in practice, for example how to combine the complexity reductions from different elements. 
In contrast, for the C-IoT study we are considering both clean-slate and evolutionary approaches. The clean-slate solution is a ground-up re-design of many elements of the system, with one objective being to minimize solution cost. So, in our view, estimating complexity reductions relative to legacy GPRS is not an obvious approach and will lead to gross assumptions being needed to make the analysis tractable.  As an analogy, in order to compare the cost of two significantly different technologies, such as Bluetooth and WiFi, we believe it would be a much more common approach to separately calculate the silicon costs and other component costs for each technology individually. 
Therefore, for the C-IoT study, we propose that the “absolute” approach to complexity/cost evaluation is adopted. In addition to being applicable to both evolution and clean-slate approaches, it has the further important advantage that it can yield meaningful eBOM estimates for C-IoT MS solutions that are justified by detailed silicon area and component ASP analysis. This may be very helpful when making comparisons between C-IoT technologies and alternative IoT technologies.
We believe that it is very common practice for silicon vendors and module vendors to perform bottom-up cost analysis of new products during the product definition, early design phases, and even in volume production. This is needed to ensure that new products will be competitive in the market and to drive design decisions, and later to drive cost reductions. Furthermore, tear-downs of commercial designs for GPRS modules and analysis of commercial GPRS transceiver silicon are available. Therefore, in this key aspect of the C-IoT study, it seems reasonable to adopt this approach.
Details of proposed methodology
The proposed methodology is split into the following considerations:
1. Definition of components to be included in the cost analysis
2. Method for calculating cost of custom silicon
3. Method for calculating cost of commercially available components
4. Comparison between C-IoT and legacy GPRS costs
Definition of components to be included in the cost analysis
WA1: The cost analysis should be based on the eBOM of the components required for a modem module (based on ASP estimates since this allows prices of commercially available components to be incorporated easily). 
Note that the module level costs (PCB manufacture, assembly, test) are excluded because they are dependent on the type of module (e.g. whether it is optimized for cost or physical size) and in any case are likely to be quite similar between different solutions assuming the same manufacturing constraints / assumptions. 
WA2: The components to be included in the eBOM analysis of a MS modem implementation are as follows:
· Radio transceiver silicon (“on-chip” analogue/RF circuitry including data convertors, and showing the split into transmit, receiver, local oscillator, and auxiliary functions such as clock generation)
· RF front-end components (“off-chip” components, showing split into PA, switch, channel filters, etc., or using integrated FEM devices, as appropriate)
· Baseband silicon (“on-chip” digital circuitry and memories, showing split into physical layer processing and higher layer protocol processing)
· External memories (“off-chip” memories such as flash and SDRAM, where appropriate)
· Radio frequency reference (such as TCXO)
· Low power frequency reference (such as 32 kHz XO)
· Passive components (such as decoupling)
· Power management circuitry from battery (such as DC-DC convertor, consistent with whatever is assumed in the battery life analysis)  
[bookmark: _GoBack]For the C-IoT MS, the eBOM analysis should be broken-down in accordance with this guidance, accepting that some adaptations may be necessary according to the exact technology and implementation assumptions. For the legacy GPRS MS, a coarser breakdown is acceptable to reflect the available information regarding commercial silicon. 
A simple block diagram showing the assumed partitioning of an MS implementation into the listed components is desirable.
WA3: The cost analysis should not include the following:
· Antenna
· Any application-specific hardware
· Processing platform/memory for application software
· Connectors (since this is specific to module technology)
Method for calculating cost of custom silicon
WA4: For components based on new silicon designs rather than commercially available components, such as for the C-IoT radio transceiver and baseband functions, the ASP should be calculated as follows, with all major assumptions stated:
· Assume high volume (e.g. 10+ Mu), mature production
· State silicon area and process node assumptions for each IC (with breakdown of silicon area by sub-system as defined in WA2) 
· Convert to die costs with stated assumptions
· Add packaging and test costs
· Adjust for yield (suggest 95%)
· Adjust for margin (suggest 30%)
Method for calculating cost of commercially available components
WA5: For commercially available components, the ASP should be calculated as follows, with all major assumptions stated:
· Assume high volume (e.g. 10+ Mu)
· Either, use pricing from global distributors
· Or, use input from companies involved in the GERAN study item that can provide guidance on realistic assumptions for common components such as FEM, TCXO, 32 kHz XO, passives, etc.
Comparison between C-IoT and legacy GPRS costs
WA6: The eBOM for both C-IoT and for legacy GPRS should each be estimated based on WA1-WA5. The assumed functionality for the legacy GPRS solution is as defined in [2]. 
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