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Pseudo CR 45.820 – EC-GSM, Device complexity
1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

One of the objectives of the study is to “maximise the reduction in complexity of the Mobile Termination (MT) compared to that of a legacy GPRS (non EGPRS) MT”.

1.2
Reason for change

Several input papers have been submitted during the SI phase evaluating the device complexity of the candidate solution EC-GSM, concluding that substantial complexity reduction is feasible.
This is a summary of these inputs in [2], [3], [4].
1.3
Summary of change
A summary of the device complexity analysis discussed in GERAN is provided based on inputs in [2], [3], [4].
1.4
References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source Vodafone

[2]
GPC150480, “EC-GSM Device Complexity Analysis”, source Intel. GERAN Ad Hoc#3 on FS_IoT_LC

[3]
GCP150387. “EC-GSM UE Complexity assessment”, source MediaTek Inc. GERAN Ad Hoc#3 on FS_IoT_LC

[4] GP-150060, “EC-GSM, Device Aspects”, source Sierra Wireless, S.A. GERAN#65
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6.2.6.X
Device complexity evaluation

6.2.6.x.1
EC-GSM Device Architecture
6.2.6.x.1.1

General
A possible 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 crystals, power amplifier, external memory and SIM card(s). Depending on the application, keypad and sensors may be integrated into the device as well which is not included in complexity analysis.

This document presents device architecture analysis compared to GSM/GPRS baseline reference as explained in sub-clause 5.5.5. It should be noted that single mode GPRS MSs on the field today are very likely GSM/GPRS/EGPRS UEs with GSM CS (e.g. voice, data) and EGPRS functionalities implemented but disabled i.e. not pure GPRS MSs as such.
6.2.6.x.1.2

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 while satisfying power consumption requirements and enabling a potential complexity reduction.
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Figure 6.2.6.x-1. A candidate implementation of EC-GSM device. Sections highlighted in orange color indicate areas of complexity reduction compared to GPRS reference.
6.2.6.x.1.3
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.

Candidate applications envisioned for CIoT technology will require very low throughput communication with short traffic sessions. Therefore, applications running on the controller are expected to require less computational 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 packet service data transfer times are also expected to be shorter than in legacy GPRS system.

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 reduced clock frequency. However, lower clock frequency does not directly translate into better power consumption. Note that using a lower clock frequency for the controller might not be an optimum design choice in some technology nodes where the 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. The design choice for the controller clock frequency can be made during the product development and this tradeoff applies to all candidate proposals. 
6.2.6.x.1.4

Peripheral Super-Block 

All peripherals are grouped together to form the peripheral super-block as depicted in 6.2.6.x-1. Different combinations 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. Since applications supported by EC-GSM devices are much simpler than legacy GPRS devices, the device will not need to support many functional blocks with different clock frequencies. Therefore, EC-GSM SoC does not need as many clock frequencies as legacy GPRS device. As a result, we expect that CGU block will be much simpler than the legacy GPRS SoC. This saves the number of Phased Locked Loops (PLL) and phase shifters on EC-GSM SoC.  

It should be noted that peripheral super-block study is not treated as complexity analysis. It is kept here for the seeking of completeness as it is shown in Figure 6.2.6.x-1.

6.2.6.x.1.5

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 a very stable and silicon proven solution and therefore signal processing chain in the transceiver is kept unchanged in this study. Because of phase coherence requirements for some logical channels, it is recommended to have separate power domain for the part of RF TRX that should always be on and to switch off the rest of the circuitry during power saving mode.  This will minimize the power consumption penalty caused by always on frequency synthesizer. There needs to be an update to system power control unit to control power separately. This requires few additional bits (2-3 bits) to be added to the power control unit. Therefore, the impact to complexity is negligible.
6.2.6.x.1.6

RTC

Real time counter (RTC) has its own dedicated power island, which is 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), the whole platform is powered off except for RTC super-block. During PSS, RTC 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. 

6.2.6.x.1.7

DSP Super-Block

6.2.6.x.1.7.1
General

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 IQ 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 subject to implementation. 

Updates to enable EC-GSM are mainly in IRX and changes to ORX are limited. This sub-clause focuses on modifications to IRX for FCCH, EC-SCH and EC-PDTCH. It is concluded that EC-PDTCH decoding is the critical scenario to satisfy real-time requirements, and hence consider in the complexity analysis. 

6.2.6.x.1.7.2
FCCH detection

Since there is no update of FCCH in EC-GSM (see subclause 6.2.4.2.2) the FCCH burst detector of legacy GSM is to a large extent reusable in EC-GSM. Coherent combining is for example not needed. Valid detected FCCH bursts are used for frequency offset estimation (FOE) and detection of the multi-frame structure. 

The DSP needs to process all 8 time slots in each TDMA frame to detect the occurrence of a FCCH burst. Once a detection is made the real time requirement for FOE and multi-frame boundary detection is that all processing should be finished in the TDMA frame containing the latest detected FCCH burst. 
As shown in Table 6.2.6.x-1, there is an increment of 4% of DSP processing cycle per TDMA frame compared with legacy GPRS devices due to the need to detect the multiframe boundary which is used to determine the absolute frame number (which is not the case for GPRS devices). These increases can be considered negligible.
Table 6.2.6.x-1. FCCH Processing Cycle Calculation (thousands of DSP cycles per TDMA frame)

	
	Single FCCH burst detection
	FOE of single FCCH 
	Multi-frame boundary detection
	Total

	FCCH in legacy GSM
	6*8
	1.4
	0
	49.4

	FCCH in EC-GSM
	6*8
	1.4
	2
	51.4

	Increment 
	
	4%


Data memory increase is needed to store the results (such as timing offset, frequency offset) of all detected FCCH bursts. The data memory increase is estimated to be 240 bytes, which also could be considered negligible.

6.2.6.x.1.7.3
Decoding of EC-SCH
The EC-SCH is in one embodiment repeated 14 times over two 51-multi-frames (see subclause 6.2.4.2.3).
Different from the even multi-frame, -1/2 GMSK Modulation Index (GMI) is used in the odd multi-frames, and this alternating GMI pattern may be used by the mobile device to determine whether the current multi-frame is odd or even multi-frame.

In order to optimize performance, a device may use IQ accumulation is used inside one multi-frame, and soft-bit combination between multi-frames.
Table 6.2.6.x-2 shows the number of DSP processing cycles estimated for a typical legacy SCH and expected EC-SCH receiver implementations.

For the real time requirement, the DSP super-block in legacy GPRS device should complete the decoding of one SCH burst within 6 bursts time.

For EC-GSM, the EC-SCH is repeated over 14 bursts, however, every burst is decodable, so the real time requirement of EC-SCH is same as the legacy SCH decoding.

As shown in Table 6.2.6.x-2, there is an increase of 61% DSP processing cycles per TDMA frame compared with legacy GPRS solution, the increase mainly comes from the IQ accumulation and GMI detection. However, the cycle increase is acceptable and it’s still less than the one of EC-PDTCH (in section 6.2.6.x.1.7.4), which is considered as the one which is the most critical scenario.
Table 6.2.6.x-2. EC-SCH Processing Cycle Calculation (thousands of DSP cycles per TDMA frame)

	
	Equalizer
	DC+FEFC
	IQ accumulation
	GMI detection
	Softbit combining
	Total

	SCH
	51
	0
	0
	0
	0
	51

	EC-SCH
	51
	2
	16
	11
	1
	82

	Increase
	
	61%

	
	NOTE: FEFC – Frequency Estimation Frequency Correction


Besides of the cycle increase, memory cost is also increased due to the IQ accumulation.

As a device in worst case needs to  IQ accumulate 7 burst inside one 51-multi-frame, it needs a seven burst IQ buffer compared with a one burst buffer in the legacy GPRS solution. In case the inner receiver uses a two times over sample rate, and considering the 156.25 bits burst length, usually, one burst IQ buffer needs around 160*2*2 = 640 I and Q samples. Assume that each I and Q sample consist of a 16 bit word, then the EC-SCH needs a 640*16*7=71,680 bit buffer, while the legacy SCH only needs a 10,240 bit buffer.

An alternative EC-SCH design is also considered for EC-GSM, see subclause 6.2.4.2.3. The motivation for introducing such a design was to decrease the device requirements by removing the IQ accumulation and hence lowering the memory requirement due to IQ accumulation. For the alternative EC-SCH solution, also the modulation index detection is removed. These changes imply a lower complexity than the original EC-SCH design and hence is not considered in detail in this analysis.
6.2.6.x.1.7.4 Decoding of EC-PDTCH
PDTCH with 4 downlink burst per TDMA frame is the most critical scenario in legacy GPRS design, EC-PDTCH (see subclause 6.2.4.2.9) in CC6 is the most critical scenario for EC-GSM design.

Table 6.2.6.x-3 shows the number of DSP processing cycles needed for both PDTCH and EC-PDTCH.       

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.  

For CC 6 of EC-PDTCH, information is mapped to four bursts in a TDMA frame by repeating the same information in each burst. To achieve the expected performance, IQ accumulation and soft bit combining is needed. The total number of DSP processing cycles per TDMA frame is given in Table 6.2.6.x-3. Due to different real time requirement in EC-GSM, DSP super-block needs to finish the processing of EC-PDTCH bursts within 6 burst time. 

As shown in Table 6.2.6.x-3, there is a reduction of 66% of DSP processing cycle per TDMA frame compared with legacy GPRS solution. 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. 

Table 6.2.6.x-3. EC-PDTCH Processing Cycle Calculation (thousands of DSP cycles per TDMA frame)

	
	Equalizer
	DC+FEFC
	IQ accumulation
	Softbit combining
	Total

	PDTCH
	65*4
	0
	0
	0
	260

	EC-PDTCH 
	65
	15
	7
	1
	88

	Reduction
	66%

	NOTE: FEFC – Frequency Estimation Frequency Correction


6.2.6.x.1.7.5
Soft bit and IQ Buffer Memory 

Data memory increase is needed due to IQ buffering of two to maximum eight bursts for decoding of EC-PCH and EC-AGCH. Assuming two times oversampled IQ samples needs to be buffered in EC-GSM device, for each bursts 160*2*2 16-bit words needed to be buffered, which is 1.28kbyte. The data memory increase is going to be between 1.28-10.2 kbytes for two up to eight burst combining respectively depending on the receiver implementation.

The memory increase depends on receiver implementation. If it is sufficient to sample the burst in the symbol rate, then the buffer size can be reduced by half. 

1 kbytes of data memory increase is needed for softbit combining, which compared with total memory usage in CIoT devices, these increases can be considered negligible. 

6.2.6.x.1.7.6
Audio and CS related features

All functions and channels used exclusively for audio and circuit switched features have been removed. 
6.2.6.x.1.7.7
Memory reduction in DSP Super-Block 

The analysis in this sub-clause considers a reference implementation with full EGPRS and GPRS capability since complexity evaluation of GMSK and 8-PSK modulation in isolation is not straightforward. Therefore, the gain listed in table 6.2.6.x-2 would be somewhat lower if a reference device with only GPRS support would be used. 
The program and data memory savings are summarized in Table 6.2.6.x-2 below.

Table 6.2.6.x-2. EGPRS vs EC-GSM DSP Firmware memory savings
	DSP firmware
	ROM memory savings
	RAM memory savings

	Program
	44%
	37%

	Data
	57%
	16-31%1

	Total
	48%
	19-33%

	
	Estimated global saving 80Kw (160 KB)

	NOTE 1: Based on numbers in 6.2.6.x.1.7.2


6.2.6.x.2
Protocol Stack Evaluation

6.2.6.x.2.1
General
The input requirements considered for protocol stack study of EC-GSM are listed below: 

-
No speech (neither data/fax over circuit switched domain)

-
EGPRS MCS1 - MCS4

-
RLC windows size 16 (instead of 64 in legacy GPRS)

-
Only 7 of 60 RLC/MAC messages used, see subclause 6.2.5.6.

-
Several RLC/MAC procedures are not supported: NACC/CCN, two phase access, RLC unacknowledged mode, dynamic allocation, etc.

-
No PTCCH management

6.2.6.x.2.2
Memory impacts

The EC-GSM device protocol stack program and data sizes are compared with one of the GPRS legacy devices in the field.

It should be remembered that single mode GPRS MSs on the field today are primarily GSM/GPRS/EGPRS MSs with GSM CS (e.g. voice, data) and EGPRS functionalities implemented but disabled i.e. not pure GPRS MSs as such. EC-GSM concept could be implemented as a tailored software solution on such hardware to allow quick time-to-market. It has to be noted that the feasibility of this software update could not be guaranteed before normalization phase. 

The program and static data sizes evaluation was done by removing from the legacy device protocol stack all non-necessary code and data buffers (see Figure 6.2.6.x-2). The software was then re-compiled and linked. 
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Figure 6.2.6.x-2. GPRS vs EC-GSM Protocol Stack

The dynamic data size savings was evaluated for a multislot class 10 device: 4 RX GPRS CS-4 data transfer. 

The savings are:

-
On RLC, 6 kB: Legacy device requires 8 kB to store the 64 uplink RLC PDU and associated context. EC-GSM device requires only 2 kB to store the 16 uplink RLC PDU and associated context.

-
On SNDCP/LLC, 30 kB: Legacy device requires 73 kB for uplink and downlink LLC PDU and IP frames buffering, while for EC-GSM device it is assumed that less memory is required due to the smaller amount of data transferred. The reduction of buffered IP Frame and LLC PDU would imply that a maximum buffer of 43 kB is needed. Smaller data size is possible as well in EC-GSM, and depends on implementation.

The program and data memory savings are summarized in Table 6.2.6.x-3 below.

Table 6.2.6.x-3. GPRS 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%
	75 %

	LLC+SNDCP
	-
	-
	40+ %

	SMS
	20%
	-
	-

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

	MM/GMM
	45%
	17%
	-

	Total
	38 %
for a final size < 500kB
	36+ %

Resulting in a reduction > 120kB


6.2.6.x.3
SoC Silicon Area and Technology Node

No major change is expected in the RF transceiver since its main functions stays the same. However, some reduction is foreseen when only single band support is considered as also stated in 6.2.6.X.5.1. 
DSP core function is unchanged compared the GRPS reference but the memory requirements listed in the Table 6.2.6.x-2 could be reduced.

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.

The area reduction of up to 20% is possible in the EC-GSM implementation due to the simplifications in “Core functions” (RF Transceiver, CPU, Modem, associated RAM, etc.). Another important aspect is that current legacy GPRS SoC solutions are already optimized in terms of architecture and implementation, EC-GSM therefore is going to be based on a very stable and optimized implementation.

Table 6.2.6.x-4. Silicon area reduction estimates.

	Function
	Estimated reduction

	Modem
	15-20%

	Note: RF transceiver complexity reduction (as part of SoC or as an external component) has not been quantified


Technology node to be used for EC-GSM device depends on the roadmap of the manufacturer.

6.2.6.x.4

Power Amplifier

6.2.6.x.4.1
External PA

EC-GSM device using the +33 dBm output power class is going to require an external PA.

Since number of bands supported by EC-GSM may be less than legacy GPRS devices, only one external PA may be needed, which allows for a complexity reduction compared to commercially available multi-band GPRS devices.

External PA has the benefit of avoiding heat up in SoC since it is mounted on a PCB. It improves the cross talk resilience in SoC as well. Another advantage is to be able to choose different PA’s from different vendors for optimum performance.

6.2.6.x.4.2
Integrated PA

For a device that makes use of the new 23 dBm output power class, PA integration onto the chip can be achieved. 

This integration does not differ between different candidate solutions, and hence the analysis provided in [6.2-13] applies to EC-GSM as well.
6.2.6.x.5
External Components apart from PA

6.2.6.x.5.1

General

Figure 6.2.6.x-1 shows some external components needed for EC-GSM devices. 

Most of them are common to all CIoT candidate technologies. 

6.2.6.x.5.2
Crystal 

Two crystals are used in the proposed EC-GSM implementation, which are 32 kHz for RTU and 26 MHz for system clock. 

6.2.6.x.5.3
          External Memory

As shown Figure 6.2.6.x-1, external memory is needed in a EC-GSM device to store all mobile device specific content. This can also be used for software update.  

6.2.6.x.6 
Conclusion

An estimate of the complexity reduction from EC-GSM is provided, relatively a pure GPRS implementation.
The complexity reduction estimates from the analysis are provided in table 6.2.6.x-5 for the “Core functions” (RF Transceiver, CPU, Modem, associated RAM, etc.) according the complexity analysis defined in 5.5. 
Table 6.2.6.x-5. Reduction estimates according to section 5.5
	Function
	Estimated reduction

	Modem silicon
	15-20%

	Note: RF transceiver complexity reduction (as part of SoC or as an external component) has not been quantified and would lead to additional reduction.


The protocol stack memory and the dynamic and static memory reduction for EC-GSM is shown in Table 6.2.6.x.3.2-1 to be around 35-40%. This saving is to a large extent dependent on the assumed memory required for the whole product, including the application layer and could be seen, in many cases, as marginal when the application embedded in the final product is requiring a lot of memory. This is not EC-GSM specific but would apply to all candidate solutions in the technical report.

Furthermore, enabling EC-GSM technology implies changes mainly to lower layers whereas upper layers remain unaffected. As a result, EC-GSM technology can significantly benefit from the reuse of an already available software solution.  
RF optimization due to single band use, either in term of SoC die reduction or in term of complete RF transceiver change (as an external component), is not done in this study but will also trigger a potential, not marginal, complexity reduction.
The use of internal PA for some devices categories (23 dBm output power class) can also provide a significant complexity reduction.
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