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1. Introduction

This document and the Selection Criteria xxx provide the technical content for the project to develop an alternate physical layer (alt-PHY). This alt-PHY shall be a supplement to the proposed IEEE 802.15.4 Standard..

This document serves two purposes. It is first a summary of the application presentations from the Study Group 4a call for applications. Second it defines the fundamental requirements implied by applications and summarized in the document ref. 15-03-0489-04-004a-application-requirement-analysis.xls The selection criteria document will guide proposers on how to respond to a call for proposals. 

2. PHY Layer Technical Characteristics summary
Anticipated high-level characteristics of the alt-PHY layer are summarized as follows. The link throughput shall not exceed some tens of Kbps in most of the cases, while the form factor shall be compatible with the needs of sensor networks or RF tags applications. A crucial requirement is that power consumption must allow for self powered operating time without intervention during several months to several years. This list of requirements dictates that a new kind of communication devices must be specified, with possibly relaxed parameters on other features than the ones that are foreseen by the envisioned applications as summarized here above.
3. Topology

For all considered applications, the most common topology is either ad’hoc, or meshed topology (possibly structured in a picocell arrangement). The network configuration has to be highly dynamic (no infrastructure set up, nodes inserted or removed “randomly”). Relaying of messages (intraforwarding) through nodes can be desirable or even necessary in particular for range extension. Localization of nodes is therefore a useful function to dynamically establish the routing configuration between nodes. 

The most frequent application corresponds to data collection by a unique or a set of coordinated data collectors. Those data collectors may have to sustain a much higher throughput than the other nodes. They can also be used for dynamic coordination of the network (synchronization, localization, local address assignement…)
While the main streams are generally monodirectional from the nodes (e.g. sensors) to the data collector, bidirectional link have to be maintained (coordination and management of specific functions such as localization, commands to actuator nodes, …). 
Individual node addresses must be capable of being dynamically assigned in a cell.
Q: Has the topology to be compatible with broadcasting modes? 
4. Bit Rate 

The bit rate is categorized the following way:

- individual link bit rate. This is related to a peer to peer link, typically between a sensor device and an information collector or between two devices (relaying of information, synchronization, mutual positioning etc…). The effective data bit rate can be very low (less than 1Kbps), is generally a few Kbps and in exceptional situation about 1 Mbps.

- aggregated bit rate. This is typically the bit rate concentrated from many sensor devices to a data collector during a short period of time (can be during specific situations when many devices need to update their information at the same time like alarm or emergency situations). The data collector must be capable of acquiring several Mbps of effective data.

Typical selected figures:

Link bit rate: 1 Kbps (class 1), 10 Kbps (class 2) at PHY-SAP.

Aggregated bit rate (data collector only): 10 Mbps at PHY -SAP. 
Mention link budget?

The packet error rate used for this requirement is 8% (?) for XX octet frame body. The transmit EIRP is fixed by regulatory emission limits
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5. Range 

The maximum distance between communicating nodes is generally 0 to 30 m. In some cases, mainly assets tracking, the range has to be extended to several hundreds of meters. Possibly relaying of messages could be used in such situations. In most of the cases the link data rate can be limited to a few Kbps where the range is very large, however the number of nodes is very large (up to thousands) and the data collector needs to absorb large aggregated data rate ( in sustained mode, and particularly in burst mode). 
6. Coexistence and Interference Resistance

The devices need to operate in high noise and high multipath environment (e.g. harsh factory environments).
The PHY shall be able to coexist with other wireless devices that may be in close proximity, and that use part of the same band. 

(comment: band in use not defined yet).
Both indoor and outdoor applications have to be considered.
7. Channel Model

It is anticipated that the channel environment will be dramatically different from the current ones (i.e. those established for 2.4Ghz, 5Ghz, High Bit Rate UWB), due to the high specificities of the considered applications.
Outdoor environment has to be taken into account, not necessarily restricted to LOS. Large range is a common characteristic to most of the applications, specific harsh environments need to be considered, e.g. factory environment or large containers, with strong multipath effects. 

8. Power Consumption

The device (complete communication system including PHY and MAC) should consume less than some tens of mW during transmission (TX or RX part). The average power consumption shall not exceed 1 mW.
In addition, most of the applications require a battery life of months without intervention. This suggests that very efficient power saving modes need to be put in place, in particular for devices that transmit sporadically. In addition the coordination of nodes must not induce frequent wake up of nodes.
What about the consequence on isochronous clock management, e.g. for localization?
9. Quality of service
The critical factor is the reliability of the transmission, meaning that strong error correction methods need to be provided. Real time communication is required, latency may exist but must be controlled (jitter elimination for localization). Two critical functionalities are foreseen:
- synchronization of nodes (mainly for localization),

- capability to provide fast reaction in emergency situations 
10. Form Factor

The PHY components should be capable of fitting into a form factor consistent with sensor and RF tag applications. The critical point is that includes the battery and the antenna parts. 
11. Antenna
The antenna form factor must be small enough to be compatible with the overall form factor (see above). The PHY characteristics (band in use) must allow for a planar or wire antenna. Omnidirectional antenna is the nominal requirement. This is due to the environment and the impossibility to predict the position of a device antenna. The antenna must be very robust.
12. Complexity and cost
Complexity should be minimal to enable mass commercial adoption for a variety of cost sensitive products. Complexity and BOM shall be minimized. The cost for a node has to be limited to 1$ or even a fraction of a $ for very large volumes of production (up to millions of chips per month). In a number of applications, the components are to be considered as throwaway after use.
13. Location awareness

This is a mandatory function in all applications.

It can be related to precise (tens of centimeters) localization in some cases, but is generally limited to about one meter. Localization awareness may result in different application such as precise positioning, localization aided routing, motion tracking (simple detection of an object in a determined area, or moving outside of this area). This functionality must be built-in the node:
- based on message transit time measurement,

- with basic services embedded in the communication device( MAC + PHY) and capable of being serviced in a simple and automatic way.

It is anticipated that the physical layer must be capable of providing excellent time resolution and jitter elimination to properly exercise the localization awareness functionality. 

14. Mobility

This is not a mandatory feature in most of the cases. However nodes need to be still capable of reliably communicating when in the move (up to 10m/s), at least for tracking. It is admitted that limited communication performance (e.g. data rate) can be tolerated in such cases.

15. Compliance and or Supplements to 802.15.4 functionality 

It is envisioned that the alt-PHY project will allow supplements to 802.15.4. In addition to the PHY itself, the project may include MAC functionality necessary to support the selected PHY (see 13 above). 

16. Regulatory matters
The alt-PHY standard will comply with necessary geopolitical or regional regulations.


