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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1]. This document assesses the UE complexity with EC-GSM according to the principles outlined in §5.5.1 of the TR45.820 (v1.3.0).
The cost of a GSM modem today is very low and any cost savings could be considered in absolute terms as fairly marginal. As emphasized many times before by a number of UE vendors, the primary cost reduction factor is the one reached with economies of scale. It should be highlighted that the cost of a device is not only bound by the BOM of its individual components but includes other aspects e.g. sourcing costs, inventories etc. For instance it could very well be cheaper to make a single mode GSM device with a dual mode GSM/UMTS chipset (with UMTS deactivated) rather than using a distinct single-mode chipset. We would also like to stress that with the TCO of any particular IoT solution taken over its lifetime (one decade, possibly two) the one-time modem cost of the device becomes marginal compared to all other costs involved (incl. subscription, installation for instance). Any cost assessment of course ought to take the TCO into account. 

Silicon Cost of the device 
The gate count and silicon area are related, and have a direct impact on module cost. The processing power required to support the functionality of EC-GSM and the transmission output power of the power amplifier mostly determine the size of the silicon area.
Processing power 
Impact of EC-GSM is likely to be not significant on silicon area and gate density. EC-GSM only supports constant-envelop modulation, with lower complexity equalization. MCS definition, channel coding and burst mapping are to a large extent the same as for EGPRS. EC-GSM supports EGPRS MCS-1-4 or optionally MCS-1-9 (indicated by training sequence on RACH, as today). 
Power Amplifier
The 23dBm implementation on-chip is not an issue. However no assessment of actual cost reduction percentage can be given at this stage, the PA being normally a separate component that may be sourced from a different vendor. Note that in RAN Rel-13 MTC WI, a  10%-12% average overall UE cost reduction gains was assumed If PA is removed, and  2%-7% if PA is retained [2].
 
RF Cost of the device 
Relative area of RF and baseband functions
this information is highly implementation dependent. It is not anticipated that EC-GSM will involve higher requirements for RF and baseband function. A relaxation of EVM requirements may be possible as only constant envelop modulation will be supported. 
Filters
Marginal savings are expected to support only lower bands starting from an existing multiband implementation (typ. quad-band). Complexity may be reduced. Besides, it is important to note it may be cheaper to keep using, for single band operation, a RF/Front-end module supporting e.g. quad bands, rather than sourcing a single band module, or making a discrete implementation. Marginal savings are expected regarding the antenna, and discrete components (for discrete implementation). Furthermore, it should be kept in mind that GSM has been long optimized for multiband support while catering for operator needs worldwide which we believe still ought to be addressed with IoT.
Crystals
No increase in complexity or reduction in costs: optimization already available for cost reduction.

Memory cost of device
Memory
The reduction of the RLC window (16) with GMSK-only contributes to substantial memory savings vs GPRS and EGPRS (incl. HARQ memory). Note the savings are even higher considering the recommended minimum RLC window sizes for MSC 10[footnoteRef:1] of 160 in the downlink and 96 in the uplink (see Annex I, 3GPP TS 44.060). [1: ] 

Note that vs. GPRS, HARQ memory is needed to accommodate up to MCS-4 soft information. 
	RLC memory savings vs EGPRS
	GMSK
	8PSK

	WS=16
	(ref.)
	40%

	WS=64
	75%
	85%

	WS=96 (2 TNs)
	83.33%
	90%

	WS=160 (3 or 4 TNs)
	90%
	94%



Blind repetitions on the control channels: a user in extended coverage would still repeat the same block on up to 4 consecutive TSs within the TDMA frame. There is a maximum of  one block per channel (containing the latest soft information after chase combining) to process when repetitions are used (irrespective of the number of repetitions i.e. coverage class). Incremental redundancy is not supported, which reduces soft buffer requirements. I&Q accumulation may give optimum performance for frequency offset correction, though sub-optimum AFC algorithm are thought to be sufficient to allow most of chase combing gain to be realized. This is implementation optimization aspect.  
Code space requirements
EC-GSM which strips a number of functions vs. the baseline single mode GSM/(E)GPRS and features simpler and reduced L2/L3 signaling will lead to substantial code space (memory) savings. In addition, there is no requirement on support for any speech related functionality (call, SMS) nor GPRS and/or EGPRS functionality. Reduced RLC functionality with only acknowledged mode is supported. 

DSP Cost of device
DSP Cycles / second
We expect little positive impact on Layer 1 (even vs. multislot operation), however no negative impact. The reduction in L2 throughput can contribute to the use of a less powerful DSP as a means to further reduce costs. In addition, the use of fixed allocation as opposed to dynamic allocation with USF could contribute to substantial saving in terms of processing. For example, consider the case of a device being assigned up to 4 TS DL, and 2 UL TS. Without fixed assignment, the device will need to do demodulation and decoding of the 4 DL blocks to get the USF, and then prepare transmission of the two UL blocks with a gap in time of 4 ms. With fixed UL assignment, monitoring of USF is not required.  
EC-GSM can be implemented onto existing GSM/GPRS platforms. A simplified platform is also possible. 

Others
Another important point to underline as well is the hardware compatibility of EC-GSM with new features namely power-save mode and extended DRX that will contribute to reducing  the power consumption of EC-GSM and their associated costs (e.g. energy bill if not operated on battery, battery change)

Conclusions
The contribution has shown that EC GSM can have significant module cost reduction compared to the GPRS benchmark for silicon area, RF, DSP, and memory aspects.  
Furthermore it is technically feasible to meet the coverage objectives with EC-GSM whilst achieving marginal power consumption offering multi-year lifetime, beyond the objectives of the study (limiting factor: battery itself), and meeting the other objectives of the study.
The sourcing company(ies) therefore strongly recommend EC-GSM proceed to normative work in Release 13.
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