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EC-GSM – Device Complexity Analysis 
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 [1].
Usage scenarios of Cellular Internet of Things (C-IoT) require very cheap devices such that they can be deployed on a mass scale and possibly in a disposable manner. Therefore, the complexity analysis of the device implementation is an important part of this study. This discussion paper presents the study of complexity analysis of EC-GSM devices based on the methodology agreed in [3]. 
EC-GSM Device Architecture 
A candidate implementation of EC-GSM device is illustrated in Figure 1. An EC-GSM device consists of an SoC and external discrete components. SoC comprises of a controller, a DSP, an RF transceiver and peripherals. Major external discrete components include battery, crystals, power amplifier and SIM cards. Depending on the application, keypad and sensors may be integrated into the device as well.
EC-GSM SoC Design 
EC-GSM SoC is divided into five major super-blocks: controller, DSP, peripheral, RF transceiver and real time counter (RTC). EC-GSM SoC should be designed to enable EC-GSM functionality whereas satisfying power consumption and cost requirements.  
Controller Super-Block 
This super-block is also called the central processing unit (CPU) system, which contains the controller, memory and cache, interrupt controller unit (ICU), booting and power controller related logics. The controller is responsible for executing all applications, drivers and protocol stacks.
[bookmark: _GoBack]Candidate applications envisioned for CIoT technology will require very low throughput communication with short traffic sessions. Therefore, applications running on the controller is expected to require less computation load compared to other data traffic types. It should also be noted that computationally demanding applications in legacy GPRS, such as GPRS data transfer for WAP access/internet surfing are not needed in C-IoT systems. Another implication of low profile data traffic is the reduced load on peripherals and associated drivers. EC-GSM PS running time is also expected to be shorter than legacy GPRS system as detailed in TR [3].
As a result, a cheaper, simpler and less powerful controller can be integrated in EC-GSM SoC design than current GPRS solutions, and can run with much lower clock frequency. 
It should be noted that using a lower clock frequency for the controller might not be an optimum design choice in some technology nodes where leakage current dominates the power consumption. In this case, SoC design should be optimized to complete the tasks quickly then switch off the corresponding power island in the SoC to make sure that overall power consumption is reduced.  
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[bookmark: _Ref396211801][bookmark: _Ref422491773]                   Figure 1. A candidate implementation of EC-GSM device 
Peripheral Super-Block 
All peripherals are grouped together to form the peripheral super-block as depicted in Figure 1. Different combination of peripherals are possible due to power island design of the chip. 
Peripherals implemented in the EC-GSM SoC include interfaces to connect external sensors and provide other input/output ports to the chip. 
SIM block deals with SIM card related operations. Clock Generation Unit (CGU) block generates all clock frequencies necessary for the operation of the chip. System Power Control Unit (SPCU) and System Control Unit (SCU) are responsible for power up and down of the chip, power isolation, activation and deactivation of different power islands and other system control related tasks.  System Timer Unit (STU) generates all EC-GSM scheduling related timing information for the controller, DSP and RF transceiver. Trace block provides the functionality to debug the platform during development and validation phase. 
Compared with legacy GPRS SoC, high speed and complex interfaces like USB, display, graphic accelerator, high speed memory interface are not needed. This leads to further silicon area reduction from the legacy GPRS reference. 
Legacy GPRS SoC has different short range connectivity capacities, e.g. Bluetooth, FM, etc., which are not needed in EC-GSM as well. 
It is expected that CGU block is much simpler than legacy GPRS SoC. This saves the number of PLL and phase shifters on EC-GSM SoC.  
Based on the existing information of sourcing company’s GPRS SoC, considerable reduction of silicon area can be made in this super-block.
RF Transceiver
RF transceiver takes bit streams from DSP and performs GMSK modulation, digital to analog conversion, power ramping, up conversion to radio frequency and provides the analog signal to power amplifier on the transmitter branch. RF transceiver takes analog input from the antenna port on the receiver branch and brings the received signal to desired level and samples it to obtain digital signals. After filtering and down conversion of the signal to digital baseband, samples are sent to the DSP for further processing.
RF transceiver is kept unchanged since it is a very stable and silicon proven solution unless a different technology node is to be used.
RTC
RTC has its own dedicated power island, which shall be as small as possible and is always kept powered on. Since it is always on, it functions as a wakeup source for the platform. When EC-GSM device goes to Power Saving State (PSS), all platform is powered off except for RTC super-block. During PSS, RTU is clocked by a lower power crystal running at 32KHz. Calibration of 32KHz can also be done in RTC block on SPCU to make RTC block as small as possible. 
RTC block exists on legacy GPS SoC, but in most cases has the same power island as standby power domain. This need to be changed to make sure maximum of 5uA leakage current is guaranteed. 
DSP Super-Block
DSP super-block takes bit stream from the controller and performs encoding, symbol mapping into expected burst structure, and sends bursts to RF transceiver in the uplink. In downlink, DSP super-block receives T/2 spaced samples from RF transceiver via digital RF interface, and executes baseband signal processing, including DC compensation, channel estimation, equalization, and channel decoding. Digital signal processing at baseband is divided into inner receiver (IRX) and outer receiver (ORX). Inner receiver performs equalization and outputs soft bits. ORX receives the soft bits (SB) and performs channel decoding.
Beside DSP core instantiation, hardware accelerator could be added into DSP super-block to handle operations more suitable for HW than DSP, such as FIR filtering and add-compare-select. This level of detail is to be worked out in later stages. 
Updated to enable EC-GSM are mainly in IRX and changes to ORX are limited. This paper focuses on modifications to IRX for EC-SCH and EC-PDTCH decoding since they are critical scenarios to satisfy real-time requirements. 
Decoding of EC-SCH 
EC-SCH equalization is based on legacy SCH equalizer with the necessary updates as described in [6].  Table 2 shows that DSP processing cycles are increased for EC-SCH, including DC compensation update and Frequency Estimation and frequency Correction (FEFC), GMSK modulation index (GMI) detection, IQ accumulation and softbit combining. As discussed in [6], an increase of number of EC-SCH bursts leads to several benefits from receiver implementation point of view, one of them being the saving of DSP processing cycles.  Baseline column in Table 1 is the DSP processing cycle per equalizer run in legacy GPRS devices.
 The number included in Table 2 is based on the algorithm development result and further optimization is foreseen from DSP FW implementation aspect. 
EC-SCH 2*7 frame mapping results in close to 100% DSP processing cycle increase. This increase of DSP processing cycle shown in table is per 7 bursts. However, this is not going to cause any complexity change since this is not the most critical function in DSP super-block design.    
EC-SCH 4*7 frame mapping leads to 12Kilo of DSP processing cycle increase due to dismiss of IQ accumulation.
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Table 1 EC-SCH Processing Cycle Calculation (DSP cycles in 103)
	
	Baseline
	DC+FEFC
	GMI
	IQ accumulation
	Softbit combining
	Total

	With 2*7 EC-SCH mapping 
	50
	25
	11
	8
	1
	95

	With 4*7 EC-SCH mapping 
	50
	0
	11
	0
	1
	62



Decoding of EC-PDTCH
As shown in [5], EC-PDTCH based on legacy PDTCH requires some more DSP processing cycles, as summarized in Table 2. In total, 23 kilo DSP processing cycles are added to the 4th burst within a TDMA frame. Besides moving and storing the samples from RF transceiver, DSP is not doing any signal processing. This is different from legacy GPRS devices.     
Decoding of PDTCH and EC-PDTCH are computationally most demanding functions which decide the complexity of DSP super-block. 
Baseline GPRS device is capable of decoding 4 DL time slots in a single TDMA frame. Because of the real time requirement, DSP super-block in legacy GPRS device should complete processing of 4 different bursts within 6 bursts time.  In EC-PDTCH, assuming the same real time requirement, the processing of the 4th burst can take up to 6 bursts time since USF is going to be removed completely from EC-GSM. 
This means EC-PDTCH DSP processing power requirement is relaxed for 4 times compared with legacy GPRS SoC. This gives the flexibility to use a cheaper DSP core, or allow the DSP core to run at a lower clock frequency, or reduce DSP super-block run time to save power. 
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Table 2 EC-PDTCH Processing Cycle Calculation (DSP cycles in 103)
	
	Baseline
	DC+FEFC
	GMI
	IQ accumulation
	Softbit combining
	Total

	With 4 bursts in on TDMA frame 
	65
	15
	0
	7
	1
	88



Data Memory Increase
10 Kb of data memory increase is needed due to IQ buffering of maximum of 8 bursts for decoding of EC-PCH and EC-AGCH. 1 Kb of data memory increase is needed for softbit combining. Compared with total memory usage in CIoT devices, these increases can be considered negligible. 
SoC Silicon Area and Technology Node
Silicon area of DSP and RF transceiver super-blocks are estimated to be unchanged for EC-GSM compared to reference GPRS SoC design. The peripheral super-block in EC-GSM is going to be much smaller than baseline GPRS SoC. Controller super-block is going to be smaller than baseline GPRS implementation due to smaller core and smaller memory size requirement. 
In baseline GPRS SoC, controller super-block together with peripheral super-block takes 70% of overall silicon area. The area reduction of up to 60% is possible in these two super-blocks in EC-GSM implementation. This translates to silicon area reduction of around 40% for EC-GSM over legacy GPRS SoC. Since current legacy GPRS SoC is already able to reach rather low eBoM cost, it is expected that EC-GSM devices can fulfill the cost requirement.
Technology node to be used for EC-GSM device depends on the roadmap of the sourcing company.
External Components
Figure 1 shows some external components needed for EC-GSM devices. Most of them are common to all CIoT candidate technologies. 
External PA
EC-GSM device is going to have external PA due to maximum +33 dBm transmission power in the uplink.  Since number of bands supported by EC-GSM are less than legacy GPRS devices, only one external PA is needed. 
External PA has the benefit of avoiding SoC heat up since it is mounted on PCB. It improves the cross talk resilience in SoC as well. Another advantage is to be able to choose different PA’s companies for optimum performance. 
Crystal 
Two crystals are used in the proposed EC-GSM implementation, which are 32 kHz for RTU and 26 MHz for system clock. 
External Memory 
Memory size of EC-GSM device is expected to be much smaller than legacy GPRS device, due to the characteristics of CIoT applications.
Summary
In this paper, we discussed design details of EC-GSM device.  We expect that EC-GSM device can reach lower cost than single band legacy GPRS device. EC-GSM device is able to fulfill battery life requirements with carefully designed RTC in SoC and corresponding power management updates to the legacy GPRS implementation. EC-GSM SoC architecture and device implementation can be further optimized if real time requirements of EC-GSM system are relaxed. This can be done during WI phase.  
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