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The intention of this document is to serve as a preliminary basis for discussion within the Title 24 PCT Reference Design Working Group around a proposed definition for the PCT expansion interface.  The interface has been a difficult subject of discussion between the CEC regulators, electricity distribution utilities, and manufacturer community for the following reasons:

· Utility requirements for use of this interface have not been fully defined

· Processing and power requirements to the PCT could be excessively burdensome
· Concerns about the additional cost of the interface, stemming from additional cost to the BOM and non-recurring engineering costs

· Questions about buy-in from the vendor community

The goal of the Working Group is to address these issues as part of the task for defining the interface.  Looking ahead and imagining a PCT with a functional expansion interface, we see that the definition for the interface must address issues in four key categories:
· Electrical/Mechanical
Upon initial thought, the idea of an “expansion interface” invokes ideas of some kind of electrical connector, form factor, and power requirements.  These issues are addressed as electrical and mechanical requirements which must be defined as a standard to ensure interoperability.

· RF Requirements
The primary use of the expansion port is envisioned to support a wireless communication module.  Because the proposed wireless solutions discussed to date (Zigbee, Wi-fi, Paging, FM Radio) employ different types of receivers, there are many technical issues resulting from defining an interface to support this variety.

· Hardware Abstraction
A large concern in the thermostat manufacturer community is the burden to the PCT host processor in supporting different types of hardware.  A model which has been discussed by UC Berkeley and others has been to emulate the first PC peripherals, such as modems, which handled hardware management natively (within the unit) and communicated with the host over a simple serial interface; as the PC evolved and became more powerful, the hardware management (and eventually the peripherals) were brought into the computer itself and its operating system.
· Application Interface
At the highest level of interoperability, the Working Group proposes to create an information model which will define a standard set of DR functions and related operations which will be supported through the embedded communication interface and any installed plug-ins.  The vendor community will then need to adopt a data parser to interpret data exchange using the information model.
Electrical / Mechanical

· Physical Expansion Area
How much volume can be set aside within, adjacent to, or behind the primary thermostat to accommodate the different types of modules which should be supported?  An idea which has been raised by Michael Kuhlmann of RCS to alleviate design constraints to the manufacturers is to use the sub base as an expansion area for the upgraded communication module and define the connector to the thermostat.
· Power Requirements
Will the thermostat be able to provide enough current and stored energy to power expansion modules?  Should line power from 24VAC wiring be required to use this interface?

· Digital Communication Interface to the PCT Host Processor
A standard digital communication protocol and/or bus must be chosen which will support communication between the PCT host processor and the plug-in module.  Examples of such standards include TTL/RS-232, Serial Peripheral Interface (SPI), which can be used for MMC and SDIO, Inter-Integrated Circuit (I2C), and Dallas 1-Wire.  The protocol should support the requirements of the transaction/data transfer requirements of expansion applications.

· Standard Connector
An electrical connector must be chosen which will support the electrical requirements of the chosen signaling protocol and power requirements of expansion modules.  A low-cost connector which is reasonable in cost and size is obviously ideal.
RF Requirements

· Antenna Requirements
At present, wireless communications technologies employing frequencies from 100 MHz (FM Radio) to 2.4 GHz (Zigbee, WiFi) have been discussed for the PCT.  It is even possible to consider 5.8 GHz as well, as it is among the unlicensed ISM bands.  The close to two orders of magnitude spanned in frequency correlate directly to two orders of magnitude of antenna sizes (holding gain constant) which could be utilized.  How can these different antennas be accommodated within the physical expansion area or PCT?
· Shielding and EMF
Placement of the communication receiver relative to the other components in the thermostat (binding posts for t-stat wires, batteries, relay coils, etc) will affect its sensitivity and performance.
Hardware Abstraction

· Processing on the Plug-In
If the PCT core is required to implement a hardware driver or stack in order to operate an expansion module, several factors – the wide array of possible plug-ins (external audit, wireless receiver/transceiver, flash memory module), their complexity, and the required processing power and software storage – would make this a difficult task.  Instead, if a standard hardware abstraction model or host-to-host data exchange model is implemented with the specialty driver or stack being operated by a separate microcontroller or IC on the plug-in, then all the PCT would need is a command/data parser and a serial link.  The PCT can issue simple standard commands to the plug-in over the serial expansion interface and receive standard data structures in return and vice versa.  The vendor community is already accepting of a command/data parser necessary for interfacing with the embedded 1-way communications receiver, implying that all that is necessary to address their concerns about the expansion interface is to develop an abstraction model and choose an appropriate serial link.
· Transaction Model
Given the above scenario, a transaction model could be developed to support a standard set of services (get/send data, transfer file, etc.) through the embedded communication interface or expansion modules.  In this manner, many of the same data structures being developed by the Working Group (described in summary in the next section below) can be used for both the communication and expansion interface.
Application Interface – “Information Model”

· Minimum Title 24 Functionality
The Working Group is currently convening to develop a data structure which supports the minimum functional requirements of Title 24 with respect to 1-way communication.  Such examples include data structures for economic and reliability events, setpoint changes, and timestamp/clock update functions.  The key question for this process has been: “what functions and data are needed to satisfy the Title 24 code as it has been written?”  The result of this process will be applicable to data exchange through the expansion interface as well.
· Data Model Superset to Support Additional Utility Services
The Working Group is also beginning to create a richer superset of data structures to support additional demand response and value-added services.  Examples include data structures to support A/C load cycling, message acknowledgement, and user-display messages (to the resident).  The IOU’s, the vendor community, and UC Berkeley are supporting this process, with the key question being: “what types of information and functions are extremely valuable in implementing demand response through PCT’s?”
· Extensibility and Upgradeability

· Extending the Data Model
Under the current proposition, once the first set of PCT’s are sold to customers, the information model as implemented will be fixed and the communications infrastructure must support this model.  While the model can be extended to support richer functionality, a key question is: “how can a PCT upgrade its understanding of the information model once installed?”  One possible solution is to employ a standard virtual machine within the PCT, similar to Java’s virtual machine.  An advantage of using a virtual machine is that the same upgrade can be applied to each different manufacturer’s PCT; without a standard virtual machine each manufacturer will have to implement their own information model upgrade, for each of their independent PCT platforms.
· Extending the Hardware Abstraction or Transaction Model
How can the hardware abstraction/transaction model be extended to support newer services or types of plug-ins?  Can a PCT be upgraded in some way? 
