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This text provides a resolution to Comments 37 and 53 [1].
CID: 37

Comment: Because noise levels may vary from node to node, link quality is not necessarily symmetric.
Proposed Change: Remove sentence starting on line 4. If a protocol requires the assumption of symmetric links, that assumption should be stated in the section covering the specific protocol. The extensible framework should not enforce the assumption of symmetric links.

Resolution: Defer -- same suggestion as CID 53
CID: 53

Comment: Because noise levels may vary from node to node, link quality is not necessarily symmetric.
Proposed Change: Remove any references to "symmetric links". If a protocol requires the assumption of symmetric links, that assumption should be stated in the section covering the specific protocol. The extensible framework should not enforce the assumption of symmetric links.

Resolution: Defer  This is not part of the general framework, but rather tied to the default airtime metric.  Consider moving section  11A.3.2.3 to be a subsection of 11A.4.2.1.  Need to put a note in the airtime metric section that HWMP assumes a symmetric link/path metric.
Proposed resolution

In the ad hoc break-out in Jacksonville, the “General Comments” team discussed the limitations associated with having a strict link state definition in the Network Discovery section.  The premise was that the Network Discovery section of the Draft [2] defined a link state determination procedure which was specific to one path selection metric.  Because the framework is extensible, this path selection metric naturally belongs in the mandatory path selection part of the draft.  However, the peer link establishment procedure is a generic procedure and it still belongs in the discovery section.
To accommodate the needs of the interoperability framework (which requires link quality to be known before the path selection metric can be calculated) and the needs of the extensibility framework (which allows for an implementer to use a different path selection metric or protocol), the following changes are an attempt to to distinguish between 1) the general notions of peer link establishment procedures (which stay in the “Network Discovery” section) and 2) the particular notions of link state maintenance which relate to the default airtime path selection metric (which are in the “Path Selection” section).  The summary of changes is the following:

A. Move section about “link state announcement” to clause 11A.4;

B. Remove references to symmetric links in Network Discovery;

C. Make symmetric link measurements optional;

D. Add note in HWMP about symmetric links;

E. Generalize link state definition in Network Discovery;

F. Related clean-up.
The following text was taken from the Draft and has been modified with “Track Changes” on:

A. Move section about “link state announcement” to clause 11A.4


Move 11A.3.2.3 to 11A.4.2.2 and 11A.3.2.3.1 to 11A.4.2.2.1.  Section 11A.4.2 would then become:

11A.4.2 Path Selection Metrics
11A.4.2.1 Airtime Link Metric Function Computation Procedures

11A.4.2.2 Local Link State Discovery

11A.4.2.2.1 Local Link State Maintenance Procedures

B./C. Remove reference to symmetric links in Network Discovery/ Make symmetric link measurements optional
11A.4.2 Path Selection Metrics
As described above, the proposed 802.11s extensibility framework allows, in principle, a WLAN Mesh to
be implemented with any path selection metric(s). This section defines
· a default radio-aware path selection
·  metric to enable baseline interoperability;
· a default link state discovery and maintenance procedure to support the establishment of the default radio-aware path selection metric. 
Figure s68 shows an example path metric based on airtime costs.

11A.4.2.1 Airtime Link Metric Function Computation Procedures
In order to compute the unicast forwarding table from the cached link state information generated by each
node, the MP must first calculate the link cost for each pairwise link in the Mesh. This section defines a
default link metric that may be used by a path selection protocol to identify an efficient radio-aware path.
Note that the extensibility framework allows this metric to be overridden by any routing metric as specified
in the active profile.
The cost function for establishment of the radio-aware paths is based on airtime cost. Airtime cost reflects
the amount of channel resources consumed by transmitting the frame over a particular link. This measure is
approximate and designed for ease of implementation and interoperability.
The airtime cost for each link is calculated as:
Where Oca, Op and Bt are constants listed in Table s20, and the input parameters r and ept are the bit rate in
Mbit/s and the frame error rate for the test frame size Bt respectively. The rate r represents the rate at which
the mesh point would transmit a frame of standard size (Bt) based on current conditions and its estimation is
dependent on local implementation of rate adaptation; the frame error rate ept is the probability that when a
frame of standard size (Bt) is transmitted at the current transmission bit rate (r), the frame is corrupted due 
to transmission error, and its estimation is a local implementation choice. Packet drops due to exceeding
TTL should not be included in this estimate as they are not correlated with link performance.
Table s20: Airtime Cost Constants
Figure s68: Example Unicast Cost Function based on Airtime Link Metrics
The parameters r and ept are determined during the Local Link State Discovery phase, described in section 11A.4.2.2.
11A.4.2.2 Local Link State Discovery
The purpose of the local link state discovery procedure is to populate the r and ept fields used by the default airtime metric for each peer MP in the neighbor table. 

By definition, a peer link is considered “Down” when there is no value assigned to the r and ept fields. As
soon as an initial local link state discovery is completed, and the values are assigned, the link is considered
“Up” and remains so until a disassociation event. Since all such links created during initialization are
“Down”, the state transitions from subordinate, link down, to subordinate, link up, on completion of each
link discovery.
The procedures for local link state discovery and maintenance are described in Section 11A.3.2.3.1.
As soon as the first peer link is in an “Up” state, the MP may start to receive frames attempting to establish
paths. 

11A.4.2.2.1 Local Link State Maintenance Procedures
A pairwise link consists of one node designated as superordinate and
one designated as subordinate. These labels are illustrative and represent no hierarchical relationship.
If it is necessary for the measured link state to be symmetric, the following procedure may be followed.

The superordinate node 
determines the link quality. It may use any method it chooses.  The link quality is determined by the
 following two parameters:
r current bit rate in use, that is, the modulation mode
ept packet error rate at the current bit rate for a data frame with a 1000 byte payload
A superordinate node may make this determination for a link in the superordinate, down, state and at future
intervals at its option. On making such a determination, it may include the information in a local link state
announcement frame and transmit it to the subordinate node. On successful transmission of the frame, it
may update the values in its neighbor MP table with the new values, changing the state from superordinate,
down to superordinate, up if this is an initial assessment.
A subordinate node shall update the values in its neighbor MP table whenever a local link state
announcement message is received.

D. Add note in HWMP about symmetric links
11A.4.3.1.4.2 Path selection metric

Any path selection metric may be used in conjunction with HWMP, including the default path selection metric defined in section 11A.4.2.1.  However, it is recommended that HWMP be used in conjunction with a symmetric path selection metric.  Section 11A.4.2.2.1 describes an optional mechanism to maintain symmetric link state information between two peer nodes.
11A.4.3.1.4.3 Support for Legacy 802.11 Stations
E. Generalize link state definition in Network Discovery
11A.3.2 Mesh Link Operations 
The following sections describe how links are formed and maintained. 
11A.3.2.1 Peer Link Setup 
The purpose of this procedure is to establish at least one, and in many cases several, initial Mesh links with 
one or more peer MP. A MP must be able to establish at least one Mesh link with a peer MP, and may be able to establish many such links simultaneously. It is possible that there are more candidate peer MPs than the device is capable of being associated with simultaneously. In this case, the MP must select which MPs to establish peer links with based on some measure of signal quality, such as gathered during the discovery phase, or other statistics received from candidate neighbor MPs. Procedures for establishing and maintaining each peer link are described in Section 11A.3.2.2. This procedure shall be followed for each candidate peer MP in priority order, until the maximum number of peers that the MP is configured to support is established. Each attempt to establish a peer association with a neighbor MP may fail, in which case that MP shall be marked as no longer being a peer candidate in the MP neighbor table. Peer links are terminated either explicitly by one of the peers issuing a “disconnect” to the other, or it is terminated implicitly because of a timeout. The duration of the timeout depends on the status of the link. The link status may be marked as Up or Down, depending on whether link quality is available or not.
11A.3.2.2 Peer Link Maintenance Procedures 
A mesh point shall continue to look for received beacons on any of the unified channel graphs it is operating on. On receipt of a beacon from an unknown neighbor MP, but containing a matching Mesh ID, an MP shall attempt to create a peer link to the neighbor MP. Active MPs shall include a WLAN Mesh Capability element in all transmitted beacon and probe response frames. The WLAN Mesh Capability element is defined in Section 7.3.2.35. When included in a beacon or probe response frame transmitted by an MP, the WLAN Mesh Capability element shall indicate active MP status such as Active Protocol ID and Active Metric ID. The WLAN Mesh Capability element includes a peer capacity field, which shall be set to a value indicating the number of additional peer associations that can be supported. As far as the peer link maintenance procedures are concerned, a peer MP link is considered directional in that one end is designated subordinate and the other superordinate. These labels are illustrative and represent no hierarchical relationship. The superordinate end of the link corresponds to the MP that transmitted an association response that accepted an association request from the other MP.
An MP attempting to create a peer link with another MP shall transmit an association request frame to it, including an MP peer request element. This distinguishes a peer MP association request from a client association request. For each attempt, a new randomly selected number shall be selected and transmitted in the directionality field. Once the association request has been successfully transmitted, the neighbor state shall be set to association pending and the directionality field noted. If an association response containing an MP peer response element with status set to deny is received from the candidate peer whose neighbor state is association pending, the state shall be changed to candidate peer. On receipt of an association request containing an MP peer associate request element, an MP shall check the state of the requesting MP in its own neighbor table. If the state is set to association pending, it shall compare the directionality value contained in the MP peer associate request element with that contained in its own table entry. If the received value is less than or equal to the transmitted value stored in the table, the MP shall reject the association request by transmitting an association response containing an MP peer response element with status set to deny. Otherwise, it may accept or reject the association request at its option.

11A.3.2.3 Link Quality Measurement
Once a peer link has been established with a neighboring MP, it is necessary to establish a measure of the quality of the link.  This information is required to allow the path selection algorithm/metric to function properly.
Before a link quality measurement has been established, the link is marked as being “Down”.  Path selection frames received from a node whose link is “Down” should be discarded.  Once a link quality measurement has been established, the link is marked as being “Up”.  At this point, the MP is able to fully participate in the selection of paths (and by extension, it is able to fully participate in frame forwarding).
Since an MP may use any path selection metric, it is necessary for the MP to measure a link quality value that is relevant to the path selection metric.  For example, section 7.3.2.40 describes a Local Link State Announcement element comprise of a transmit bit rate and a packet error rate.  Section 11A.4.2.2.1 describes a procedure for using this Local Link State Announcement to ensure that the link quality measurement is symmetrical (i.e. the same values are used at each end of a link).
[this section contained the text now in 11A.4.2.2.1 Local Link State Maintenance Procedures]
11A.3.2.3.1 Local Link State Maintenance Procedures
[section deleted]
F. Related clean-up
11A.3.5.1 MP Neighbor Table
An MP shall maintain a table containing an entry for each discovered neighbor MP. By definition, all
neighbor MPs have the same Mesh ID. Each entry shall contain the information shown in Table s17.  The r and ept fields are specific to the default airtime metric defined in 11A.4.2.1.  An implementation using a different path selection metric may require fields other than r and ept.
7.3.2.40 Local Link State Announcement element
A local link state announcement element is transmitted by an MP to a neighbor MP to indicate the quality
 of the link between them. This message may be used to ensure that the link quality is symmetric for all Mesh links, if the path selection protocol so requires.

	Octets: 1
	1
	2
	2

	ID
	Length
	r
	ept​


Figure 21: WLAN Mesh Local Link State Announcement Element
The fields contained in the element are as shown in Table 13.

Table 13: WLAN Mesh Local Link State Announcement Element Fields

	Field
	Value/description

	ID
	TBD

	Length
	8

	r
	Transmit bit rate

	ept
	PER


The rate field, r, shall be interpreted as a 16-bit unsigned integer, with the least significant octet transmitted first, which indicates the on-air bit rate currently in use in units of 1Mb/s.

The PER, ept, shall be interpreted as a 16-bit unsigned binary fraction, with the least significant octet transmitted first, such that a value of 0xffff corresponds to a fractional value of:
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The PER indicates an estimated packet error rate for a data frame containing a payload of 1000 bytes transmitted at the bit rate specified in the r field.

Discussion items
At the Hillboro ad hoc (June 13-15 2006), the following points were raised:

· Link State “Discovery” was confusing to some members.  We need to differentiate “discovery” of links from “calculation” or “measurement” of link quality information.

· Link State “Maintenance” was confusing to some members.  We need to differentiate “maintenance” of links from the “update” of link quality information.

· The “Link State Maintenance” information element is not generic enough.  The group may consider generalizing the element to any path selection metric, with an identifier that is identical to the path selection metric identifier (OUI 00-0F-AC Clause 7.3.2.37).

· We should indicate that metrics should also be symmetrical in RM-OLSR.

These issues will be resolved at a later stage.
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Proposed resolution text for Comments 37 and 53











�I recommend removing this last sentence that limits the ability of a node to participate in a mesh every time it discovers a new neighbour. (GS)


�The “status” of the link (up/down, pending etc.) is actually not transmitted.
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