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EC-GSM – Device Design Aspects
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 presents a study of the impacts  that the EC-GSM, as presented during the GERAN Cellular IoT adhoc meeting in [2], would have on M2M GERAN device as of today’s implementation.
Study Objectives
The study in this document compares legacy M2M GERAN devices design versus EC-GSM devices for IoT. The feature set hypothesis is given in table below:
	Features
	Legacy Device
	EC-GSM Device

	Services
	Voice, Data, SMS
	Data, SMS

	Circuit Switched
	Yes
	No

	Packet Switched
	EGPRS Class 10
	EGPRS Class 10. MCS1-MCS4

	Signaling Channels
	Full. No EC-GSM.
	No PTCCH. EC-GSM.

	RLC/MAC
	512 window size. 
	16 window size. Reduced RLC/MAC procedure set

	RF Capabilities
	Quad-band. 
33dBm Tx power
	Single, Dual or Quad-band. 
23dBm or 33dBm Tx power.



The study addresses software (physical layer and protocol stack) as well as hardware components (base-band, radio-frequency and power management).
Impacts are evaluated against:
· Compatibility with existing M2M GERAN device hardware.
· Design complexity reduction
· Development efforts
Note: Some detailed inputs data used for the present study are confidential and could not be shared within this paper.
Software Evolution
The software comprises of the Protocol Stack software running on an ARM controller, and the Physical Layer Firmware running on a Digital Signal Processor.
Protocol Stack Evaluation
The EC-GSM concept relies to a large extent on re-using existing design principles in GSM, and only changing them when necessary to comply with the study item objectives. 
The input requirements considered for Protocol Stack study are listed below: 
· No speech (neither data/fax over Circuit Switched domain)
· EGPRS MCS1-MCS4
· RLC windows size 16 (instead of 512 in legacy EGPRS class 10)
· Only 7 over 60 RLC/MAC messages used
· Several RLC/MAC procedures not supported: NACC, Two phase access, RLC unacknowledged mode, etc.
· No PTCCH management
Memory impacts
The EC-GSM device protocol stack program and data sizes are compared with the ones of the legacy devices from the sourcing company present in the field.
The program and static data sizes evaluation was done by removing from the legacy device protocol stack all non-necessary code and data buffers (cf Figure 1). The software was then re-compiled and linked. 
Figure 1. EGPRS vs EC-GSM Protocol Stack
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The dynamic data size savings was evaluated in the worst case scenario for a Class 10 device: 4RX EGPRS MCS9 data transfer. The savings are:
· On RLC, 65kB: Legacy device requires 67kB to store the 512 uplink RLC PDU and associated context. EC-GSM device requires only 2kB to store the 16 uplink RLC PDU and associated context
· On SNDCP/LLC, 30kB: Legacy device requires 73kB for uplink and downlink LLC PDU and IP frames buffering, while EC-GSM device will require only 43kB.
The program and data memory savings are summarized in Table 1 below:
[bookmark: _Ref413108433][bookmark: _Ref413108413]Table 1. EGPRS vs EC-GSM Protocol Stack memory savings
	Protocol Stack 
	Program memory savings
	Static Data memory savings
	Dynamic Data memory savings

	Telecom
	9%
	10%
	-

	Layer 1
	21%
	8%
	-

	RR+RLC
	25%
	11%
	97%

	LLC+SNDCP
	-
	-
	40%

	SMS
	20%
	-
	-

	CC Related (LAPDM, Audio, SS, etc…)
	100%
	100%
	-

	MM/GMM
	45%
	17%
	-

	Total
	38%
	55%



Processing Power impacts
The MIPS analysis is FFS.
The savings are expected to not exceed 25% for 4 Rx data transfer in MCS4 compared to MCS9.
It has to be noted that the reduced maximum data throughput would also lower the processing power needed by the application and/or the serial interface.
Physical Layer Evaluation
The same input requirements were considered for the DSP Firmware as for Protocol Stack complexity evaluation.
Memory impacts
All Audio and Circuit Switched related features or channels have been removed. EGPRS and GPRS were not removed for the current evaluation as the split between GSMK and 8-PSK is not straightforward.
The program and data memory savings are summarized in Table 2 below.
Table 2. EGPRS vs EC-GSM DSP Firmware memory savings
	DSP Firmware
	ROM memory savings
	RAM memory savings

	Program
	44%
	37%

	Data
	57%
	35%

	Total
	48%
	36%


	
On the other side, the EC-GSM impact the physical layer by the support of new logical channels: EC-SCH, EC-PCH / EC-AGCH and EC-PACCH.
The DSP Firmware new developments are:
· Combining of multiple transmissions:
· up to 7x2 for EC-SCH
· up to 32 for EC-PCH
· up to 32 for EC-AGCH
· up to 16 for EC-PACCH
· Channel coding and decoding:
· 18-bit CRC code
· 1/3 rate convolutional code
· puncturing scheme
· EC-PCH / EC-AGCH transmissions enable to:
· refine frequency offset estimation
· determine coverage class 
The sourcing company estimates that the Program and Data RAM memory savings listed in Table 2 exceed the needs for the implementation of the EC-GSM physical layer in the DSP Firmware. The consequence is that the implementation of the EC-GSM solution would be possible with no hardware modification on DSP sub-system, based on same baseband chipset implementation, only by loading firmware update.
Processing Power impacts
The DSP clock frequency required to process 4Rx data transfer in MCS4 can be reduced by 17% compared to MCS9 processing.
Hardware Evolutions
0. [bookmark: _Ref413105449]Baseband chip
Note: This section deals with baseband part only, transceiver and power management unit are excluded and will be addressed in an updated version of this document.
Even if current baseband design is compatible to EC-GSM, a new baseband design can be considered to lower the cost compared to current solution for legacy M2M GERAN device.
The sourcing company evaluated that the baseband complexity reduction for an EC-GSM device for IoT, is approximately of 15% compared to an M2M GERAN device without audio capability. It has to be noted that most GERAN device baseband integrate today analog audio feature; in such case, the comparison leads to 30% savings on baseband die cost. 
The main sources of die cost saving are:
· Reduction of the DSP ROM and RAM memories size
· Reduction of MIPS requirements, resulting in few percent die surface savings.
In addition, baseband design down scaling results in power saving:
· Lower RAM size reduces static power consumption by reducing retention leakage
· Lower MIPS requirement reduces:
· Static power by allowing the use of a slower, thus more efficient in power, silicon design
· Dynamic power consumption (in non DRX mode) by reducing processor operating frequency
A complete silicon estimate and a more detailed analysis is FFS to cope with the complexity analysis as defined in [3].
0. Modem solution
Current M2M GERAN modem design could be upgraded by software only for EC-GSM support. Such design re-use allow fast and cheap developments, in particular concerning associated test and certification efforts.
However, in order to optimize device cost, EC-GSM opens the door to new modem designs thanks to following system optimization:
· Use of downsized baseband as described in 4.1. 
· Use of memories with significantly smaller Flash and RAM footprint, thanks to Protocol Stack memory savings. Memory usually counts for 10-20% of the module BOM cost.
· The optional 23dBm maximum output power could allow removing the use of an external Power Amplifier. However, multi-band module design would still require an external front end module, reducing the savings of such low output power option.
The sourcing company does not anticipate significant savings on the transceiver design, neither on the power management unit design. However, the final IoT device should benefit as well of a smaller and less consuming modem, in higher integration, potential lower battery cost, further lowering final application cost. 
Conclusion
This document presents the view of the sourcing company on the potential Software and Hardware impacts linked to an EC-GSM implementation.
The outcome of the study so far is that 
· The legacy M2M GERAN devices already deployed in the field could be upgraded by software to support the EC-GSM features.
· The R&D OPEX and CAPEX required for the development of EC-GSM support is limited thanks to the re-use of the existing components (hardware, software and test equipment).
· Significant memory reduction and hardware design general downsizing can be adopted, opening the door to cost and power consumption savings.
EC-GSM proposal so far should allow fast deployment of first EC-GSM compatible devices and arrival of cost optimized devices with reduced investment in a second stage.
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