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[Modify section 11.23.6 as follows:]
· Fine timing measurement (FTM) procedure

· Overview

The FTM procedure allows a STA to determine its distance from another STA. In order for a STA to obtain its location, the STA may perform this procedure with multiple STAs whose locations are known.

An FTM session is an instance of a FTM procedure between an initiating STA and a responding STA along with the associated scheduling and operational parameters of that instance (see 9.4.2.168 (Fine Timing Measurement Parameters element)). An FTM session is composed of a negotiation, measurement exchange and termination. A STA might have multiple concurrent FTM sessions. Concurrent FTM sessions might occur with responding STAs that are members of different BSSs and possibly different ESSs, or possibly outside of a BSS, each session using its own scheduling, channel and operational parameters. 

A responding STA (RSTA) might be required to establish overlapping FTM sessions with a large number of initiating STAs (e.g., an AP providing measurements to STAs at a mall or a store). On the other hand, an initiating STA (ISTA) might have multiple ongoing FTM sessions on the same or different channels with different responding STAs, while being associated with an AP for the exchange of data or signaling. 

In order to obtain an ISTA to RSTA RTT (Round Trip Time) there are two basic scheduling methods: RSTA centric scheduling and ISTA centric scheduling. In RSTA centric scheduling the RSTA assigns the ISTA a set of known availability time windows during which measurements occur, and the RSTA has full control of the measurement timing. In ISTA centric scheduling the ISTA initiates a measurement based on loose scheduling limitations provided by the RSTA. 
11.23.6.1.1 RSTA Scheduled operation overview

To support the constraints of both the initiating and responding STAs, during the negotiation phase the initiating STA initially requests a preferred periodic time window allocation. The responding STA subsequently responds by accepting or overriding the allocation request based on its resource availability and capability. 
Since some of the initiating STA’s activities may be nondeterministic and might have higher precedence than the FTM session (e.g., data transfer interaction with an associated AP), a conflict might prevent the initiating STA from being available at the beginning of the burst availability window instance determined by the responding STA. 

Figure 11-35 (Concurrent FTM sessions) shows an example of such scheduling conflicts. [image: image1.wmf]Figure 11-35—Concurrent FTM sessions


The initiating STA in Figure 11-35 (Concurrent FTM sessions) establishes sessions with responding STA 1 and responding STA 2 on different channels. The sessions’ burst availability window instance periodicity might be different as well as the RSTAs’ clock offsets and thus, over time, some temporal conflicts may occur. To overcome this, during each burst instance availability window the initiating STA indicates its availability. The method to indicate availability depends on the channel access method used for FTM. There are two basic channel access methods for RSTA centric scheduling: Trigger Based channel access used by HEz and EDCA based channel access used by legacy FTM. In HEz at the beginning of each availability window the RSTA polls the ISTAs to indicate their need for measurement resources and allocates medium for channel sounding based on the ISTAs’ responses. In EDCA based measurement the ISTA transmits an FTM Request to indicate its on channel availability.
In EDCA based the ISTA by transmitting transmits a Fine Timing Measurement Request frame (see 11.23.6.4 (Measurement exchange)). During each burst instance, the responding STA transmits one or more Fine Timing Measurement frames as negotiated.

11.23.6.1.1 ISTA centric Scheduling operation overview 
ISTA centric scheduling FTM operation is called VHTz. In VHTz operation the ISTA determines the measurement timing, based on its scheduling conflicts with other activities and a time window for previous measurement results availability set by the RSTA during the negotiation phase. During this measurement time window the ISTA may come to the channel at any time and using contention based access initiate a new measurement round. 
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Figure 11-35a ISTA Scheduled Concurrent FTM Sessions
The initiating STA in Figure 11-35a ISTA Scheduled Concurrent FTM Sessions, establishes sessions with responding STA 1 and responding STA 2 on different channels. Scheduling of each availability window instance is determined by the timing of the previous measurement instance with that RSTA. The timing constraint of different RSTAs may be different. The RSTA remain ready within the complete availability window instance for the ISTA to initiate a measurement instance. 
[Insert a new section:]
11.24.6.4 FTM Measurement Exchange Overview

FTM measurement has three basic scheduling mechanism:

RSTA centric EDCA based legacy scheduling mode described in section 11.24.6.4.1
HEz scheduling mode described in section 11.24.6.4.2 
VHTZ scheduling mode described in section 11.24.6.4.3

[Modify section heading:] 
11.24.6.4.1 RSTA Centric EDCA basec legacy scheduling Measurement exchange 
[Insert a new section:]

11.24.6.4.2 Measurement Exchange in HEz Mode
11.24.6.4.2.1 General

HEz mode is the dynamic trigger based sequence of the FTM procedure. The HEz sequence shall appear in scheduled availability time windows [6-a] assigned to ISTA during the negotiation phase [6-d]. Within each availability window the RSTA and ISTAs shall perform ranging activities related to ranging polling, measurement and measurement results reporting and group related scheduling indications [6-b]. Each availability window consists by default of a single TXOP and can be extended to multiple TxOPs by announcement if single TxOP is insufficient to accommodate all iSTAs responding to the polling phase [6-c], refer to section (11.24.6.4.2.2 HEz Sounding Sequence). Each instance of the the measurement phase divides to one or more (11-a) three ordered parts: measurement polling, measurement sounding and location measurement reporting. Figure 11-35b shows a nominal case of an availability window composed of a single polling, Range Measurement Sounding and Location Measurement Report parts. An RSTA and ISTA participating in a HEz mode ranging shall perform HEz ranging measurement and measurement results activities only within the availability window [6-e]. 
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Figure 11-35b – HEz Availability Window

Availability windows nominally consist of a single poll, which polls all ISTAs assigned to the availability window [6-f]. If the available BW is insufficient to allow for the polling of all ISTA within the group, the RSTA shall indicate within the Location Poll TF that an additional TF Location Poll is expected within the availability window [6-g]. During the availability window Measurement resources and results are made available to each ISTA whose Poll Rsp was correctly received at the RSTA [6-h]. Within the availability windows of the Position Measurement Phase, the RSTA shall use an AID or Ranging ID (RID) to identify an associated or unassociated ISTA respectively. The AID and RID shall be non-conflicting (9-b), shall have the same size and valid address space (9-b), and shall follow the same rules (9-a). The RID is assigned during the FTM negotiation phase (refer to section TBD). 
11.24.6.4.2.2 HEz Polling Part
The polling part is the first part of each Position Measurement phase instance and precedes the Range Measurement Sounding part (10). At the beginning of each availability window the RSTA shall transmit a TF with type equal Location and sub-type equal Polling. An ISTA shall request a measurement instance by transmitting a Ranging Poll Response message in its designated time and frequency allocation as identified in the TF Location Polling (11-a) SIFS time after the TF Location Polling frame. If the available BW does not allow for the polling of all ISTAs served by this availability window, the RSTA shall schedule an additional poll opportunity within the availability window and shall indicate that in the TF Location Poll frame (6-g) and the associated subsequent measurement and polling parts.
11.24.6.4.2.3 HEz Range Measurement Sounding 
The Range Measurement Sounding part commences SIFS time after the Location Polling part and is the 2nd part of the HEz range measurement sequence. The Location Measurement part is composed by one or more TF of type Location subtype Sounding allocating uplink resources to one or more ISTAs (4, 11-a). Each TF Location Sounding frame is followed by one or more uplink NDP multiplexed in the frequency and/or code domain (3-a, 3-b). SIFS time after the last UL sounding, the RSTA shall transmit an NDPA frame followed by a DL NDP sounding frame. Figure 11-35c shows a range measurement between an RSTA and two ISTAs (ISTA 1 and ISTA 4) responding to the poll. The TF of type Location sub-type Sound allocates a separate code time, frequency and spatial code to each ISTA. The DL NDP is used by all ISTA taking part in the exchange.
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Figure 11-35c HEz Range Measurement Sounding Using P-matrix for two ranging ISTAs
TOF measurement is executed by both STAs capturing timestamps of sounding frames. The ISTA captures the time at which the UL NDP is transmitted (t1). The RSTA captures the time at which the UL NDP arrives

(t2) and the time at which the DL NDP (t3). The ISTA captures the time at which the DL NDP (t4) arrives. See Figure 11-35d. The timestamp values t2 and t3 shall be the measurement according to the RSTA’s clock (i.e., without applying any frequency offset correction to the time bases).
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Figure 11-35d 

The Round Trip Time (RTT) is defined by equation (11-5a):

RTT = [(t4-t3’) – (t2’-t1)]

Where t3’ and t2’ are the time at which the DL NDP was transmitted and the time at which the UL NDP was received, respectively, as determined by the ISTA. At the initiating STA, the mechanism by which t3’ and t2’ are derived from the TOD and TOA fields of the relevant LMR, are implementation dependent. The TOA field’s value contains a timestamp that represents the time, with respect to a time base, at which the start of the preamble of the associated NDP frame arrived at the receive antenna connector. The TOD field’s value a timestamp that represents the time, with respect to a time base, at which the start of the preamble of the associated NDP frame appeared at the transmit antenna connector refer to 11.24.6.4.2.4 HEz Measurement Reporting

If the Range Measurement Sounding phase instance includes more than a single TF Location Sounding frame, the ISTA and RSTA shall refer the t1 and t2 to the UL NDP frame instance associated with this HEz FTM procedure, refer to figure 11-35e. 
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Figure 11-35e HEz Measurement Sounding Sequence with UL TDMA Multiplexing
The UL power control and timing and frequency synchronization requirements in the HEz mode of associated and unassociated STAs shall follow the same rules as those of any other HE STA in associated mode (8). 
11.24.6.4.2.4 HEz Measurement Reporting Part
The last part of each HEz Measurement phase instance is the HEz Measurement Reporting phase (7-a) and appears SIFS time after the HEz Measurement Sounding phase (11-a,11-b). The Measurement results shall be carried in a Location Measurement Results (LMR) frames. LMR frames shall carry measurement results from RSTA to ISTA, and if negotiate from ISTA to RSTA (11-a, 11-b) (7). Measurement results carried in a Measurement Report Part shall be either from this availability window or the previous availability window (7-b). The TF or NDPA of the preceding Location Sounding part shall indicate using the [TBD field] if associated measurement results are included in the same availability window or the successive availability window that includes medium allocation for sounding to the ISTA
. The RSTA to ISTA LMR are carried in an HE MU PPDU (11). If ISTA to RSTA LMR was negotiated the RSTA shall assign UL resources using a TF with type Location and sub-type LMR (8). 
11.24.6.4.3 Measurement Exchange in VHTz Mode
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