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Abstract

This paper proposes normative text changes needed to clarify and improve the roaming capability of a STA using the Site Report protocol within IEEE 802.11k/D0.12. The proposal is aimed at assisting stations that are power conscious by reducing the time required to choose an appropriate roaming candidate. The proposed improvements added to the Site Report element are the inclusion of an Offset TSF field, Offset TSF Accuracy field, and a Beacon Interval Match status bit to the renamed Site Match Status field.    

The following issues in the Site Report Element definition (§7.3.2.22) in D0.12 have been considered:

1. Adding the Offset TSF field and Offset TSF Accuracy field in the Site Report element to assist a STA in scheduling reception of beacons and to assist in tracking the aging of the Site Report information.  

2. Adding the Beacon Interval bit in the Site Match Status field format to indicate whether the Neighbor AP beacon interval matches that of the Serving AP.  

3. Define the use of the broadcast BSSID within the Site Report element to potentially improve the scanning efficiency for roaming candidates not included within the Site Report. The site report element without any reported neighbors could default to a longer version of the AP Channel Report depending on vendor implementations.

4. Changing the name of BSSID site match status field to better reflect the use of this field format.

5. Correcting a few editorial issues with the current text.

6. Incorporating changes from draft LB and voted in changes from Orlando IEEE TGk meetings. 

For clarity, text changes are used to correct the language of the first sentence of §7.3.2.22 and to make changes in §11.8 in order to reflect renaming Figure 0-3 of §7.3.2.22. 

In addition, text changes were made as needed in the MIB text to support the ideas presented above.

Proposed Normative Text

The following are instructions to the editor.
Replace the Site Report element clause with the following (/w red text replaced with black text. Note: red text is to show changes as compared to TGk D0.12 and changes approved within TGk at the IEEE Orlando meeting). Section numbering is harmonized with 802.11h. 
7.3.2.26 Site Report element

The Site Report element contains pertinent information on a collection of APs that are roaming candidates for a STA. The format of the Site Report element is shown in Figure [editor TBD].
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	Octets:
	1
	1
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	BSSID
	Site Match Status
	Current Channel
	Channel Band
	PHY Type
	Offset TSF
	 Offset TSF Accuracy
	The element contains zero or more septuplets

	Octets:
	6
	2
	1
	1
	1
	8
	1
	


Figure [editor TBD] –Site Report element format

The Element ID field shall be equal to the Site Report value in Figure [editor TBD].

The Length field is variable and shall be set to the number of the septuplets that follow multiplied by the size of the septuplet (i.e., 20). Each septuplet describes an AP interface and consists of BSSID, Site Match Status, Current Channel, Channel Band, PHY type, Offset TSF, and Offset TSF Accuracy. In addition, each septuplet can suggest other roaming canidates by setting the BSSID to the broadcast BSSID and using the Curent Channel, Channel Band, and PHY Type fields as described below. The minimum value of the Length field is 0 (e.g., with no neighbor AP or suggested roaming canidates in the Site Report element).

BSSID is the BSSID of the BSS being reported or a broadcast BSSID.  The subsequent fields: Site Match Status, Current Channel, Channel Band, PHY type, Offset TSF, and Offset TSF Accuracy are presumed to be for the corresponding BSSID.

The Site Match Status field shall be two octets in length and contain the subfields as shown in Figure [editor TBD].

	
	

	
	ESS
	Cap
	Supported Rate
	Beacon Interval
	Reserved

	Bit:
	1
	3
	4
	5
	0, 2, 6-15


Figure [editor TBD] – Site Match Status field format
· The ESS bit, if set, indicates that the AP represented by this BSSID supports the same SSID as the current AP. If the bit is not set it indicates that either the SSID does not match, or the AP does not have that information at the current time. 

· The Capability bit, if set, indicates that the AP represented by this BSSID’s advertised Capabilities match the current AP’s capabilities.  If the bit is not set it indicates that either the capabilities do not match, or the information is not available to the AP at this time.

· The Supported Rates bit, if set, indicates that the AP represented by this BSSID’s advertised Supported Rates matches the current AP’s Supported Rates.  If the bit is not set it indicates that either the Supported Rates do not match, or the information is not available to the AP at this time. 

· The Beacon Interval bit, if set, indicates that the AP represented by this BSSID advertises the same Beacon Interval as the current AP.  If the bit is not set it indicates that either the Beacon Interval does not match, or the AP does not have that information at the current time. 
The Current Channel field specifies the current operational channel as defined in Table [editor TBD]. For the broadcast BSSID case, the Current Channel field specifies a channel where a potential roaming candidate may exist. 

The Channel Band field shall contain an enumerated value from Table [Editor TBD] specifying the frequency band in which the Current Channel field is valid. For the broadcast BSSID case, the Current Band field specifies the band where a potential roaming candidate may exist.

The PHY Type field represents the PHY type of the AP interface represented by this BSSID.  If the AP has more than one PHY type, there may be additional septuplets in the Site Report element. For the broadcast BSSID case, the PHY type will be a PHY type of the current AP.  The PHY type is coded according to the value of the dot11PHYType corresponding to that PHY type.
The Offset TSF field represents the difference between the current AP’s TSF timer with which the STA is associated and the TSF timer of the AP represented by the BSSID of a Site Report element septuplet. The Offset TSF field shall be defined as Offset TSF = [TSF Timer of AP represented by BSSID in Site Report element septuplet] + TwosComplement [TSF Timer of Current AP with which a STA is associated].

The Offset TSF Accuracy field is specified in TUs and represents the absolute maximum error of the time difference between the Current AP with which a STA is associated and the AP represented by the BSSID of a Site Report element septuplet at the time the Site Report element is transmitted.  A value of 0xff for the Offset TSF Accuracy field shall indicate Offset TSF Accuracy information is not available/valid.

Replace clause 11.8 with the following (/w red text replaced with black text. Note: red text is to show changes as compared to TGk D0.12):
11.8 Roaming

The algorithm used by a STA to decide when to disassociate with a particular AP, and which AP to re-associate with (see above clause 11.3) to maintain the upper layer connection is outside the scope of the specification.  While not mandatory it is assumed that AP’s that advertise the same SSID (i.e. part of the same ESS) are preferable to roam to, but this too is a decision, made by the STA that is outside the scope of the specification.  

There are many factors that are available to a STA to help its roaming decision.  Factors that may affect the quality of the connection between the AP and the STA include;

· SSID

· Received Signal Power

· Security

Factors that affect which AP, currently, would be the best choice for a STA to (re)associate with to maintain the upper layer connection include the above considerations plus;

· Loading/Load Balancing Considerations

· Capability matching.

The STA can assess received signal power from the beacons of other AP’s.  The STA can also match the capabilities, and proper security suites, from the beacon.  Additionally the STA may not know which AP’s in an ESS are overloaded, which may be designated for the type of traffic the STA which may be more efficient, either in traffic handling or in the roaming procedure itself, or while the security suite may be compatible, the security policy of the ESS may not allow the kind of access the user of a particular application requires.   While such designations are site and vendor, and application specific for both AP’s and STA’s, and are outside the specification, an AP may tell the STA which AP’s contain desired characteristics to be used as a factor in the STA’s roaming decision.

The mechanism for facilitating the communication of this type of information is the Site Report.  The site report contains pertinent information on a collection of AP’s that are candidates to which STAs can handoff. This report is compiled by the AP and can include information from measurement reports sent by either the STA to whom the report is addressed to, other STA’s within the BSS, as well as information via the mangagement interface, the DS via IAPP, or other of which other AP’s the current AP determines would be best in the event of a roam of the STA who received the Site Report. The AP’s best choice would be the first in the list. However, this does not mean that the STA should always choose the first AP in the list. The site report information element just provides the information to the STA and the STA is the one that makes its own roaming decision. Additionally the AP may not have the appropriate information at the time. If a STA is anticipating roaming it may request a Site Report.  An AP, configured to do so, will send a directed action frame containing the Site Report Information Element to the STA.  If an AP determines that it needs to send a STA a disassociate message for whatever reason, for example reason code 1 in table 18 (unspecified), it may send a Dissassociate imminent message with a Site Report, unsolicited, to the STA.  This would give the STA n number of TBTT’s to find a new AP to associate with.

There may be additional considerations that are vendor, or site, specific.  While these considerations are outside the scope of the specification, an example of this may include BSS’s within the ESS designated/configured for specific types of traffic, or support specific upper layer applications.  These types of site level operations would be configured and entered via proprietary mechanisms, and may affect the BSSID match status for a particular AP information element.

The algorithm used for determining, which AP’s within an ESS will be included in the site report, is outside the scope of the specification.   While the meaning of the site match status is interoperable, the algorithm, and mechanisms, used to determine the site match status is vendor specific and outside the scope of the specification.  However, the AP may use information gained by measurement reports from all STA’s within the BSS, to populate the AP IE.
Annex D – ASN.1 encoding of the MAC and PHY MIB
Replace the current dot11RRMSiteReport with the following text (/w red text replaced with black text. Note: red text is to show changes as compared to TGk D0.12):

-- ********************************************************************

-- * dot11RRMSiteReport
TABLE

-- ********************************************************************

dot11RRMSiteReportNextIndex OBJECT-TYPE


SYNTAX Integer(0..255)


MAX-ACCESS
read-only


STATUS current


DESCRIPTION

"Identifies the next available index for managing the site report table.  If this attribute is 0, it indicates that the site report feature is not configurable via SNMP, or the table is full and new rows cannot be accepted."


::= { dot11RRMConfig 3 }

dot11RRMSiteReportTable OBJECT-TYPE

        SYNTAX SEQUENCE OF dot11RRMSiteReportEntry

        MAX-ACCESS not-accessible

        STATUS current

        DESCRIPTION

"Group contains pertinent information on a collection of BSSID’s that are candidates to which STA’s can roam. The rows are created using createAndWait method and fill in the attributes. When the rowStatus is set to active, the row can be included in site report IEs. If there is an error, the rowStatus shalle be set to notReady by SME. Since this table contains all site report IE entries for all interfaces enabled with the site report feature, it is possible to have too many entries for one interface, while still remaining under the MaxTableSize. In that situation, SME shall only include site report entries with lower dot11RRMSiteReportIFIndex up to the maximum possible number of entries for a particular interface identified by ifIndex. SME shall set the rowStatus to notInService for those rows that cannot be included in the site report element for that interface."

    ::= { dot11RRMConfig 4 }

dot11RRMSiteReportEntry OBJECT-TYPE

        SYNTAX dot11RRMiteReportEntry

        MAX-ACCESS not-accessible

        STATUS current

        DESCRIPTION

            "An entry in the dot11RRMSiteReportTable"

        INDEX { dot11RRMSiteReportIndex }

    ::= { dot11RRMSiteReportTable 1 }

Dot11RRMSiteReportEntry ::= 

        SEQUENCE {


Dot11RRMSiteReportIndex


dot11RRMSiteReportIfIndex

ifIndex,

dot11RRMSiteReportBSSID

MacAddress,

dot11RRMSiteReportMatchStatus

Unsigned32,

dot11RRMSiteReportCurrentChannel
INTEGER,

dot11RRMSiteReportChannelBand

INTEGER,

dot11RRMSiteReportPhyType

INTEGER,

dot11RRMSiteReportParentTSF

TSFType,

dot11RRMSiteReportTargetTSF

TSFType,
dot11RRMSiteReportRowStatus

RowStatus

}

dot11RRMSiteReportIndex OBJECT-TYPE

        SYNTAX Unsigned32

        MAX-ACCESS read-only

        STATUS current

        DESCRIPTION

"Index for site report configuration table in dot11RRMSiteReportTable, greater than 0."

    ::= { dot11RRMSiteReportEntry 1 }

dot11RRMSiteReportIfIndex OBJECT-TYPE

        SYNTAX ifIndex

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"The ifIndex for this row of site report entry belongs to."

    ::= { dot11RRMSiteReportEntry 2 }

dot11RRMSiteReportBSSID OBJECT-TYPE

        SYNTAX MacAddress

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"The BSSID to which this row of site report applies."

    ::= { dot11RRMSiteReportEntry 3 }

dot11RRMSiteReportMatchStatus OBJECT-TYPE

        SYNTAX INTEGER (0, 2, 8, 10, 16, 18, 24, 26, 32, 34, 40, 42, 48, 50, 56, 58)

        MAX-ACCESS read-write

        STATUS current

        DESCRIPTION

"Is a match to the STA sending the site report. 

Valid values are

00 = No Match
02 = Match on ESS

08 = Match on capabilities

10 = Match on ESS and capabilities

16 = Match on supported rates

18 = Match on ESS and supported rates

24 = Match on capabilities and supported rates

26 = Match on ESS, capabilities, and supported rates.

32 = Match on beacon interval

34 = Match on ESS and beacon interval

40 = Match on capabilities and beacon interval

42 = Match on ESS, capabilities, and beacon interval

48 = Match on supported rates and beacon interval

50 = Match on ESS, supported rates, and beacon interval

56 = Match on capabilities, supported rates, and beacon interval

58 = Match on ESS, capabilities, supported rates, and beacon interval"

    
   DEFVAL {58}

::= { dot11RRMSiteReportEntry 4 }

dot11RRMSiteReportCurrentChannel OBJECT-TYPE

        SYNTAX Integer (1..255)

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"This is the current operating channel of the STA returning the report"

    ::= { dot11RRMSiteReportEntry 5 }

dot11RRMSiteReportChannelBand OBJECT-TYPE

        SYNTAX INTEGER(0..255)

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"This corresponds to the frequency band for the channel list being reported as defined in Table [editor TBD]."

    ::= { dot11RRMSiteReportEntry 6 }
dot11RRMSiteReportPhyType OBJECT-TYPE

        SYNTAX INTEGER

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"The PHY type of the reporting STA."


::= { dot11RRMSiteReportEntry 7 }

dot11RRMSiteReportParentTSF OBJECT-TYPE

        SYNTAX TSFType

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"This attribute corresponds to the TSF value of the measuring STA at the time that the STA received the beacon or probe response frame from a Target AP."

::= { dot11BeaconReportEntry 8 }

dot11RRMSiteReportTargetTSF OBJECT-TYPE

        SYNTAX TSFType

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"This attribute corresponds to the TSF value contained in the beacon or probe response received by the measuring STA from a Target AP."

    ::= { dot11BeaconReportEntry 9 }
dot11RRMSiteReportRowStatus OBJECT-TYPE

        SYNTAX RowStatus

        MAX-ACCESS read-create

        STATUS current

        DESCRIPTION

"Contains the row status of the site report, essentially used for indicating whether the row has all valid attributes filled in. Then set to active to be used in site report information elements. If any parameter is invalid, the SME shall set this attribute back to notReady. It is the responsibility of the manager to correct the parameters."

    ::= { dot11RRMSiteReportEntry 10 }

-- ********************************************************************

-- * End of dot11RRMSiteReport 
TABLE

-- ********************************************************************
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