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About Compatible

A Brief Discussion of “Compatible” 

and 

Why We All Can Get Along

Introduction and Scope

The purpose of this contribution is to provide a simple and useful framework for discussing different views coexistence and interoperability which we can use to determine the levels of “compatibility” to be provided by the MAC layer enhancement proposals to be considered by TGe.   The table below summarizes the different views of “compatible” which are discussed in this note.
	Kinds of “Compatible”

	Kinds of Co-Existence
	

	Like Systems
	Active non-cooperative
	Actively detecting presence of another 15.4 system and taking action without exchanging information with that system

	
	Active cooperative
	Exchanging information between systems and coordinating coexistence

	
	Passive
	Depending on features of the PHY (smart luck) and plain luck.

	Unlike Systems 

(out of scope of this discussion)
	Active non-cooperative
	Actively detecting presence of some other service and taking action without exchanging information

	
	Passive
	Same as above

	Kinds of Interoperating 
	

	Air interface
	Inclusive
	15.4e nodes and legacy nodes working in the same network

	
	Exclusive
	15.4e nodes forming a network that excludes legacy nodes

	MAC Service
	
	Preserves operation with upper layers that do not support 15.4e features.


What is meant by “backwards compatible”?

Compatible used in many contexts and with many meanings. Even if we limit the scope of our conversation to wireless systems, “compatible” is often too broad to be helpful.  In 802.15.4-2003 [section 5.1] “backward-compatible” is defined fairly specifically:  “in other words, devices conforming to this standard are capable of joining and functioning in a PAN composed of devices conforming to IEEE Std 802.15.4-2003”.   This implies the capability to interoperate, in some mode of operation.  It does not specify if newer nodes can take advantage of newer features or if it’s OK to say that when old nodes are around we all fall back to the common language.

For this discussion we can define the scope of “Backwards Compatibility” to mean how we will get along with existing 802.15.4 compliant devices and networks.  Anyone with siblings or multiple children is keenly aware that there are many levels of “getting along” from simply but effectively ignoring each other (coexistence), to having the ability to work constructively together to get something done (interoperate), with increments in between.
Coexistence and Interoperability

Two equally important kinds of “compatible” can be characterized as:
· Coexistence: the ability of systems to tolerate each other during simultaneous operation;

· Interoperability: the ability to exchange information between nodes;

There can be multiple ways to look at each.

Coexistence
Coexistence characteristics describe how well two systems stand each other. Coexistence does not (necessarily) require exchange of information between the systems.  From this view, two systems are “compatible” if they can operate near each. Coexistence analysis has become a critical part of the 802 wireless standards development process. Coexistence has implications in the PHY, MAC and upper layer capabilities. 
One view of coexistence is the ability to form logically separate, simultaneously operating networks within overlapping spheres of influence (SOI) by nodes which implement a common air interface, referred to as Simultaneously Operating Pico-nets (SOP).  SOP may be achieved with or without coordination of the overlapping pico-nets, and/or upper layer coordination.   Some applications’ SOP requirements may affect features included in both the MAC and PHY sub-layers. 
Coexistence of different systems operating within the same spectrum but not able to exchange information is becoming increasingly important as more wireless systems fill the spectrum. MAC and PHY features such as Energy Detect (ED) affect the ability to do active detection of potential impacts and take action to avoid interference. An example of this is using an energy detect scan to detect non-15.4 networks operating in the same spectrum, such as 802.11 in 2.4GHz. This is an example of active, non-cooperating coexistence. 

A cooperative approach involves exchange of information between the different pico-nets to choose operating parameters which ensure separation. Separation techniques are many and varied. Within the context of 802.15.4, cooperating pico-nets achieve frequency separation by use of different channels within a band or different bands, code separation (in the UWB PHY), or even temporal separation via upper layer coordination.
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A common approach in the past has been “passive” coexistence:  Depending on features of the air-interface that reduce probability of interfering with other systems or being adversely affected by other systems.  An example of would include low-duty cycle with short on-air times, depending on the ‘big sky’ approach to avoiding interfering with or interference from other systems.  Certain physical layer features may enhance passive coexistence by increasing tolerance of in-channel interference (strong FEC, for example).  PHY features which make the transmitted signal more noise like tend to reduce impact on other systems.  MAC features may affect passive coexistence, also: as an example, MAC feature which reduce the time “on the air” transmitting and/or receiving can help both as interferer and as victim. 
Interoperability

Over The Air Interoperability.
One view of “Backwards Compatible” we can define as the ability of 15.4e and 15.4 legacy nodes to exchange data frames on the air interface.  We can further define two levels of over the air interoperability for this discussion:

Interoperable and Inclusive:  By this I mean an operating condition in which 15.4e  devices can take advantage of 15.4e features while still including legacy devices in the same network.  Achieving this involves extending the existing 15.4 systems, methods and structures so that the “extra parts” not recognizable to legacy devices do not disrupt the legacy devices participation.  This is not required for every “new” mode of operation, but it can be highly desirable in some applications. In an inclusive mode, 15.4e capable devices can use added capabilities between each other in a way that is transparent to the legacy device.
To achieve inclusive interoperability we can extend the existing 15.4 mechanisms carefully preserving the parts essential to the legacy device.  The onus is upon the new-generation devices to determine the presence of legacy devices and make accommodations. 
Interoperable but Exclusive:  This describes an “either or” mode where it is not possible to mix 15.4 legacy nodes with 15.4e nodes at the same time in the same network.  Commonly we include a “fall back” mode concept where the newer devices “fall back” to the legacy mode of operation when desired to interoperate with legacy nodes, and in that mode can only use the capabilities of the legacy standard, even if some nodes are 15.4e capable.  The entire network is either 15.4 legacy or 15.4e but you don’t mix the two. This may be the only way to achieve the desired performance in some of the applications identified for 15.4e.

To be effective, we will need to consider how we identify the capabilities of potential peers (4e capable or not, what variations or optional features are supported, etc), how networks are formed and maintained, and how legacy nodes or networks might be affected.

In 802.15.4-2003 [section 5.1] “backward-compatible” is defined to require a way to operate with “new” and “old” nodes in the same network.  Either “inclusive” or “exclusive” modes could satisfy this requirement, as defined above, so long as all 15e nodes implement a fall-back that is legacy compliant.  It seems fair then that for a given capability either is “fair ‘nuff” to meet the spirit of “backward-compatible” and each has its merits. 

Interoperable with the next higher layer(s):

Another view of “backwards compatible” is the ability for 15.4e nodes to operate at the NHL interface boundary with legacy implementations.  A “compatible” device is one that can “plug in” at the MAC service (MCPS-SAP and MLME-SAP) and operate with the NHL transparently.   

From the view of the upper layers above the MAC both interoperability and coexistence are valid concerns. Interoperable from the “above the MAC” view means that we could replace a 15.4 MAC compliant component with a 15.4e MAC compliant component without any change in our upper layer implementation that doesn’t use 15.4e features.

To achieve this any changes made in the MAC can not alter existing parts of the MAC service interfaces; all changes which are visible from upper layers appear as extensions which the upper layer participants would only need to know about if they are interested in using the new capabilities of the 15.4e device.   In truth much of this responsibility falls on the implementer but we must provide a solid definition in the standard.  

Conclusion/Remarks
Given the wide range of applications we are trying to accommodate in TGe, any and/or all of different kinds of “compatibility” may be appropriate.  There is no one right answer. It is critical is to examine the objectives for a given feature set or solution and determine what level is necessary and most valuable in each case.  I would conclude by asserting we should consider each of these “compatible” views in all cases and actively decide what is appropriate. 
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An example of the “because I can’t see you, you must not be there” method of coexistence.
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