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Text proposal to capture agreements on Complexity Evaluation Methodology
1. Introduction

This contribution provides text proposal to capture the agreements on complexity evaluation methodology reached at GERAN#64 and described in GP-140986[1].

GERAN WG#1 is respectfully requested to agree the proposed text for inclusion in the TR ‘Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things’. 
2. Reference

[1] GP-140986, “Proposal for CIoT Complexity Comparison,” u-blox, 
3. TR Text proposal
//unrelated sections are omitted
4 
Objectives

4.1

Performance objectives

4.1.1
Improved indoor coverage

A number of applications require deployment of Machine Type Communication (MTC) devices indoor, e.g. in an apartment basement, or on indoor equipment that may be close to the ground floor etc. This effectively means that indoor coverage should be readily available and reliable. It should be possible to achieve an extended coverage of 20 dB compared to commercially available legacy GPRS (Non EGPRS) devices.  The extended coverage should allow delivery of a data rate of at least 160 bps on both the uplink and downlink at the (equivalent of) the Service Access Point (SAP) to the equivalent SubNetwork Dependent Convergence Protocol (SNDCP) layer.

NOTE:
The implications of supporting software upgrades for MTC devices at 160 bps should be investigated.

Editor’s Note:  This section will be updated to include more details about the physical layer bit rate requirement to support 160 bps at the equivalent of the SNDCP layer.

4.1.2 
Support of massive number of low throughput devices

A system that can support a large number of devices, each generating a small amount of data is required. The support of MTC traffic should be possible either in existing GSM deployments or using small chunk(s) of licensed spectrum which may be available to operators by (re)using GSM carriers or using small parts of licensed spectrum coming from wideband systems like LTE (typically a substantially reduced number of 200 kHz RF channels compared to legacy GSM).

At cell level, it is expected that each household in a cell may have up to 40 MTC devices and the household density per cell is according to the assumptions in Annex A of TR 36.888 [3]. The MTC device density per cell is provided in Annex A. 
4.1.3 
Reduced complexity

M2M applications require devices that are very cheap (so that they can be deployed on a mass scale or in a disposable manner). The study should take into consideration that MTC devices have very limited throughput requirement and may not need to support circuit switched services to develop techniques that can significantly reduce complexity and hence cost. 

4.1.4 
Improved power efficiency

The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in locations with adverse coverage conditions, where up to 20 dB extension might be needed. The traffic model for battery life estimation is given in Annex A. 

4.2
Compatibility objectives

4.2.1
Co-existence 

The Cellular IoT system should avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements which apply to the spectrum bands in which the system operates.
4.2.2
Implementation impact to base stations

Impacts to the GPRS/EDGE base station hardware should be minimised. 
4.2.3
Implementation impact to mobile station

Mobile stations for Cellular IoT need not be compatible with legacy GPRS networks.
Start inserted text
4.3
Complexity comparison approach
4.3.1
Principles
For each candidate system proposal the following complexity comparison principles will be followed.

· The analysis will be standalone: no comparisons between apparently similar functional blocks in different candidates will be made.

· Each system will be described in terms of its functional blocks, described at the level that reviewers can understand their content and function and carry out their own analysis.  The details of the functional blocks are left open since they will depend on the system details and proposed implementation.

· DSP processing in terms of processor cycles / second may optionally be indicated.

· Proposals should specify what elements are on chip, and what external components are used.

· The assumed chip technology (process node) should be identified.

· For external components the key technical characteristics should be identified, for example:

· For memories, size and type (RAM, flash etc)

· PA power / linearity (Class C, B etc)

· Filters

· Crystals (TCXO, RTC etc)

· …

4.3.2
Complexity metrics

Complexity will be measured according to the following aspects.

· Silicon area estimate, including on-chip memory.

· Indication of required gate density should be given.

· Relative area of RF and baseband functions.

· List of external components.

· Any special characteristics of external components specific to a system proposal.

· [Code space requirement.]

· DSP cycles / second.

4.3.3
Exclusions

The following aspects of both on-chip and off-chip components will not be considered as they are likely to be equivalent between solutions.

· Power management, LDOs, charging, etc.

· Interfaces related to application functionality.

· Application processor hardware and memory.

· IC packaging.

· PCB / screens.

· Connectors and other mechanics.

· Antennas.

4.3.4
Comparison

The following aspects of complexity will be compared between system proposals.

· Silicon area

· Indicates complexity, but not direct cost difference.

· If relevant, processor cycles / second.

· External components

· Number of components.

· Any special requirements that affect relative cost.

4.3.5

GPRS reference

•
The same methodology shall be followed for the GPRS reference.

•
As a base case the assumed GPRS functionality shall be as in the agreed working assumptions: MCS Class 10, quad-band, +33 dBm output power (GSM 850/900), +30 dBm (DCS1800/PCS1900).

•
A second reference case will be analysed, which will be MCS Class 10, single band (850 or 900 MHz), +33dBm.
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