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Narrowband LTE (NB-LTE) Cost/Complexity
Introduction
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
[bookmark: _GoBack]One objective of the study is “ultra-low complexity”. On one hand, according to section 5.5 of the TR 45.820, a complexity analysis comparing the candidate solution with a GPRS only device is to be done. On the other hand, TSG PCG asked that any potential normative work on a “clean slate” solution will be done in TSG RAN, where an E-UTRAN based architecture is normalized. The sourcing company believes that the “Clean Slate” solution adopted at RAN level, if any, will be based on E-UTRAN architecture, i.e. (optimized ?) S1 interface.
For these reasons, and as the NB-LTE is mainly re-using the LTE work, this paper looks at and compares the cost/complexity between NB-LTE and NB-CIoT solutions, where a lot of similarities were identified. A complexity analysis as defined in the TR between NB-LTE and a GPRS only device could be addressed in a side pCR to TR 45.820.
Module Cost/Complexity Breakdown
The follow table shows the cost/complexity break down for a NB-CIOT and NB-LTE module:


Observation: 80-90% of the module components and costs will be the same for a NB-CIoT solution and a NB-LTE solution. 
The Stack NRE amortization is expected to be lower for NB-LTE only because the amortization can be share with the R13 LTE-MTC modules (more details on this are given below), assuming the LTE(-MTC) stack is also used by the NB-LTE device manufacturer.
The complexity analysis for the digital silicon (i.e. mm^2 of silicon) component is a very detailed process and is highly influenced by  proprietary and confidential design decisions and detailed normative specifications which are not yet available, thus even the most detailed analysis will always have a significant level of uncertainty. Luckily this component doesn’t account for a large portion of the total cost of the module. That being said, this document does attempt to make such an analysis in section 3.
The % cost ranges given in the table above is linked to the uncertainty in the amortization period and the uncertainty in the estimated TAM (total addressable market) to amortize modules over.
NB-LTE SOC:
The same SOC design and level of integration is expected to be utilized between NB-CIoT  [2] and NB-LTE. An example SOC design for NB-LTE is shown below:
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Components within the SOC are different between the NB-LTE and the NB-CIoT designs but the high level SoC architecture is similar. 
Module Manufacture:
Given the same SoC and architecture can be utilized and implicitly the same component count , the cost for module manufacturing will be the similar. 
Module Warrantee:
The same level of warrantee is expected for NB-LTE modules and NB-CIoT modules. 
Module NRE Amortization:
This includes the cost to develop/design the module, and the certification costs. These costs are expected to be the similar, however, the TAM (total addressable market) over which to amortize these costs over maybe different. The NB-LTE solution’s TAM may be larger since the NB-LTE solution provides more deployment options. More deployment options are available because the NB-LTE solution reduces the mutual interference between an NB-LTE carrier and an adjacent or even surrounding legacy LTE carrier. However as a conservative approach, this analysis assumes the TAM and the lifecycle of the modules are similar thus the Module NRE amortization is expected to be similar but there is a potential upside here for the NB-LTE solution.
Customer Support Costs:
The level of customer support is expected to be the same. 
Residual Bill of Materials (R-BOM):
This includes all the physical components that go into the module other than the SoC which at least includes passives, XTALs, SIMs, PCB, SAWs, T/R switch, PA (optional - more on PA later), etc. Given this, the R-BOM is expected to be the same. 
Power Amplifier:
The modulations that NB-LTE will support will be decided in the normative specification phase but similar to NB-CIoT, NB-LTE can also support two classes of PA. Class-1 which uses low order modulation (e.g. π/2-BPSK), and Class-2 which supports higher order modulation (e.g. QPSK). The cost between the two PAs is not expected to be different however the Class-1 allows the PA to be operated at high efficiency thus consuming less current. 
Stack NRE Amortization:
The stack NRE amortization cost is the cost added to each chipset to re-coupe the design and development costs (i.e. the NRE (non-recurring engineering) cost) for the stack (i.e. uProc and DSP code). The NB-LTE stack maybe slightly more complex than the NB-CIoT stack however there will be a lot of re-use between the NB-LTE stack and a normal complexity LTE chipset stack thus as a conservative estimate for this analysis, the total stack NRE cost is assume to be equal.  However given there will be a very high re-use between the R13 LTE-MTC stack and the NB-LTE stack, the Stack NRE amortization can be across both NB-LTE and R13 LTE-MTC which lowers the Stack NRE amortization for the NB-LTE compared to the NB-CIoT.  
Observation:  For LTE or LTE-MTC stack owners, Tthe Stack NRE amortization will be lower for the NB-LTE solution than for the NB-CIoT solution.
Digital Silicon Analysis
This section analyzes and compares the expected complexity for the Digital Silicon component of the NB-LTE design versus the NB-CIOT design.  Complexity analysis is a very detailed process and highly prone to proprietary and confidential design decisions and is highly influence by detailed normative specifications which are not yet available thus there will always remain a level of uncertainty with respect to this analysis. The following table compares the expected silicon size between the NB-LTE and NB-CIOT solutions: 



	Function
	NB-CIOT Area
	NB-LTE Area

	Receiver

	LNA
	Same

	Quadrature mixer and amplifier
	Same

	Analogue baseband  filters
	Same

	ADC
	Same

	Hardware digital processing
	100%
	100-200%

	Transmitter

	Transmit pre-PA and balun
	Same

	Additional circuity for 23 dBm PA
	Same

	Envelope DAC and filter
	Same

	Hardware digital processing
	100%
	100-200%

	Local oscillator

	Fractional-N synthesizer
	Same

	Processor platform

	32-bit MCU core 
	Same

	32-bit DSP core (dual MAC)
	Same

	System overhead
	Same

	embedded FLASH
	100%
	80-120%

	embedded SRAM
	100%
	80-120%

	Complete SoC

	TOTAL (integrated PA)
	100%
	93.5-110%

	Note : the % total is calculated using the silicon area’s given for NB-CIoT in [2]



The NB-LTE flash and RAM ranges here allow the chipset designers a choice of re-using an LTE stack which might not optimized for size but optimized for fast TTM vs a size optimized NB-LTE stack which may take more time to develop.  
NOTE: These values assumed a Gb I/F is used but TSG SA has decided S1 I/F should be used so the NB-LTE and NB-CIOT estimates may substantially change based on a S1 design.

Observation:  The absolute value in mm^2 of digital silicon component may change when based on a S1 design. 

The provided Receiver and Transmitter hardware digital processing ranges allow for different design options depending on power consumption optimization between using hardware accelerators and using DSP. E.g. A design optimized for power consumption may choose to use more hardware accelerator blocks.

Observation:  The silicon complexity analysis is prone to uncertainties given normative specifications are NOT available (i.e Gb vs S1 IF) and confidential design optimization cannot be disclosed but the provided analysis shows the NB-LTE solution and NB-CIoT solution have virtually the same silicon complexity.
Conclusions
Observation: 80-90% of the module components and costs will be the same for a NB-CIoT solution and a NB-LTE solution. 
Observation:  For LTE or LTE-MTC stack owners, The Stack NRE amortization will be lower for the NB-LTE solution than for the NB-CIoT solution.
Observation:  The absolute value in mm^2 of digital silicon component may change when based on a S1 design. 
Observation:  The silicon complexity analysis is prone to uncertainties given normative specifications are NOT available (i.e Gb vs S1 IF) and confidential design optimization cannot be disclosed but the provided analysis shows the NB-LTE solution and NB-CIoT solution have virtually the same silicon complexity.

Conclusion: The module cost/complexity between NB-CIoT and NB-LTE is expected to be similar with the possibility that the NB-LTE could be less depending on stack NRE amortization.
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				Component				NB-CIoT		NB-LTE		%

				Manufacture				Same				55-70%

				Warrantee				Same

				IPR				TBC-assumed same

				Module NRE Ammortization				Same

				Customer Support				Same

				Residual BOM				Same

				Module Profit				Same

				SOC		Digital Silicon		Uncertain				10-20%		30-45%

						Stack NRE Ammortization		More		Less

						RF Silicon		Same				20-35%

						SoC Test		Same

						SoC Packaging		Same

						Silicon NRE Ammoritzation		Same

						Profit		Same
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