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Proposed modifications to sub-clause 9.5.2 of the 802.22 Draft v3.0

9.5.2 Terrestrially-based Geolocation

In the Regulatory domains where terrestrial geolocation is required, the standard shall provide for this capability.   Terrestrially-based geolocation is achieved in a two-step process. First, the range between the BS and a number of its CPEs involved in the process needs to be determined with sufficient accuracy. Second, in order to establish the geolocation of a CPE through triangulation, the precise distances between this CPE and a number of reference CPEs belonging to the same cell needs to be determined. The goal of this process is to allow an entity called the geolocator to build a precise graphic represention of the geographic location of the CPEs that form a cell under the control of the BS.

9.5.2.2 Geolocator

This entity requests and stores location and ranging information collected by a BS and its CPEs and computes the distance between the BS and each of its CPEs (9.5.2.2) as well as the distance between selected CPEs (9.5.2.3) within a cell.

When the geolocator wants to locate a CPE, it determines which reference CPEs will be used for this purpose using its own criteria. The BS as well as a minimum of two reference CPEs are needed for which the geolocation has already been determined through either surveying, satellite-based initial geolocation or by having pre-applied the current triangulation method based on other reference devices.  The geolocator  signals to the BS  the CPEs that it has selected to carry out the process and the BS initiates the necessary signaling process with these reference CPEs and the CPE to be located and, once done, transfers the collected information to the geolocator. Triangulation calculations can then be carried out by the geolocator on the resulting device-to-device distances to find the geolocation of the new CPE. All the signaling required is contained within the WRAN cell. 
The BS  establishes the precise distance to each of the reference CPEs as well as to the new CPE using the BS-to-CPE ranging process described in 9.5.2.2.  This multiple ranging process is conducted in parallel with the CPE-to-CPE ranging process to establish the distance between the new CPE and each reference CPE using the ranging process described in 9.5.2.3.  It is assumed that the geolocator already knows the geolocation of the BS and of the reference CPEs and the BS only needs to forward the information that it has acquired from these various BS-to-CPE and CPE-to-CPE ranging processes.

Using all this information, the geolocator computes the location of the new CPE and returns a NMEA longitude-latitude string to the BS.
9.5.2.3 Conditions to carry out precise ranging
It is first assumed that the WRAN cell is operating normally and that all the CPEs are synchronized in frequency and time to the BS on the downstream within the tolerance specified in section 8.11 through the normal acquisition of the super-frame and frame preambles as described in 8.9.1.  It is also assumed that the transmit frequency at the CPEs will be synchronized and locked to the frequency transmitted from the BS within the tolerance specified in 8.11 and that proper upstream time synchronization is achieved through initial ranging and periodic ranging processes as described in 8.9.3.  Note that these ranging processes, based on TU increments (i.e., nominal sampling period, see Table 212) are called ‘coarse’ ranging for the purpose of this sub-clause as opposed to the more accurate ‘fine’ ranging processes described below needed for terrestrial geolocation.

As part of the ‘coarse’ ranging process, the BS keeps an indication of the absolute timing advance required at the CPE in integer number of TU’s to compensate for the signal propagation delay on both downstream and upstream RF paths as included in Table 54.  Such absolute timing advance is referenced to a zero value when the CPE is co-located with the BS and will increase as the distance between the BS and the CPE increases.  This timing advance can therefore readily be used as a coarse indication of the range between the BS and the CPE.  This parameter will be used in the ‘fine’ ranging processes described below.

The ‘fine’ ranging processes described below will need to work with accuracy in the range of nanoseconds and various residual delays in different CPEs will need to be taken into account.  Such residual delay will vary from one CPE model to another as well as from one antenna setup to another in the case where the antenna is not integrated to the CPE.  Such residual delay will need to be measured by the manufacturer with an accuracy of at least +/-30 ns as specified in 6.10.7.3.6.8 when the CPE is co-located with the BS (i.e., BS and CPE antennas are co-located or the BS and CPE are connected through the proper length of feed cable) and the Timing Advance (see 6.10.6) is set to zero.  This CPE residual delay will be declared during the CPE registration process through the REG-REQ MAC message (see 6.10.7.3.6.8). 

9.5.2.4 BS to CPE fine ranging
The ‘fine’ BS-to-CPE ranging process shall take place as follows:

1. The BS shall transmit a RNG-RSP MAC message (see 6.10.6) to the specific CPE to re-range (ranging status= 011) and start its counter Trange1 at the exact time when the downstream burst leaves the BS (i.e., at the start of the frame preamble). The Trange1 increments in TU’s at the BS.

2. The BS shall keep in memory (Range_map) the symbol number scheduled in the US-MAP (see 6.10.4) for the RNG-REQ message (UIUC=6).
3. The BS shall note the size of the TTG in TU’s for the given channel bandwidth and the cyclic prefix used in the frame (see Table 222).
4. The CPE shall acquire the values of the amplitude and phase rotation (or I&Q) of the received subcarriers sent during the frame preamble in the downstream, remove the STS encoding and keep the resulting information locally as the vector ‘Vernier1’ so that, once queried by the BS and transmitted to the geolocator, the time of arrival of the key multipath (usually the first) relative to the synchronization time at the CPE recovered by the preamble correlator can be precisely determined using the process described in Annex B.  The timing of the CPE clock (incremented in TU’s) relative to the precise time of arrival of the downstream burst (in ns) will be deduced from these stored values (i.e., ‘Vernier1’).  Note that the amplitude and phase rotation of the subcarriers recovered from the decoded frame preamble actually represent the channel impulse response in the frequency domain.  Optionally, this amplitude and phase information can also include the results of the pilot carrier tracking to increase accuracy.  Note that typical OFDM demodulation processes use this information to correct the constellations in amplitude and phase at the output of the FFT for proper data decoding. 
5. The CPE shall store this amplitude and phase rotation information, i.e., ‘Vernier1’, in a local register (1680x2 bytes) and report it to the BS when requested by the BLM-REQ message (see 6.10.18.3.1.10).  The BS shall send this information to the geolocator for off-line processing.
6. The CPE shall respond to the RNG-RSP MAC message by sending a RNG-REQ CDMA message in the time slot allocated in the US-MAP (UIUC=6).
7. The BS shall stop the Trange1 timer at the time of arrival of the CDMA ranging burst from the CPE, precisely at the time of the first sampling period belonging to the CDMA burst.

8. The BS shall acquire the values of the amplitude and phase rotation (or I&Q) of the first 56 logical ixed subcarriers (see 8.6.2.2) at the output of the FFT and remove the CDMA signature.  These corrected values, which constitute ‘Vernier2’, shall be stored at the BS and sent for off-line processing to the geolocator.

9. With all the information acquired above and sent to the geolocator, the BS-to-CPE ‘fine’ ranging calculations can be carried out off-line by the geolocator:

Propagation time = Trange1 – (Range-map+TTG) – CPE residual delay + Vernier1 + Vernier2
Propagation distance = c * Propagation time / 2


9.5.2.5 CPE to CPE fine ranging
Inter-CPE communication is possible by the means of the CBP bursts (6.23.1) transmitted during the Self-coexistence window (Table 44, UIUC= 0 and 1). These bursts can be used, for self-coexistence between adjacent and overlapping WRAN cells, for device identification as may be required by local regulation and for carrying out the CPE-to-CPE ‘fine’ ranging process described below.
The ‘fine’ BS-to-CPE ranging process shall take place as follows:

1. The BS shall start the process by signaling the presence of an active mode SCW at the end of the frame for the CPE that needs to be ranged in the US-MAP (see Table 44, UIUC = 0).

2. The BS shall indicate the Timing advance that it wants this CPE to use for its CBP burst so that this burst is received within the cyclic prefix of the reference CPEs (unlike the RNG-RSP Timing advance which is adjusted so that the CPE burst is received within the cyclic prefix at the BS) (see Table 44, UIUC = 0).  The BS can also adjust the EIRP Density Level for sufficient local coverage (noting that the CBP burst may be received by another CPE through the transmit and/or receive antenna backlobe).
3. The BS shall signal the presence of a passive mode SCW at the end of the frame for the reference CPEs that have been selected to carry out this ‘fine’ CPE-to-CPE ranging process (see Table 44, UIUC = 1).  This can be done by PDU’s addressing each reference CPE signaled with UIUC=1 in the US-MAP or by grouping these reference CPEs in a multicast group and addressing the PDU to this multicast group.

4. The BS shall indicate that the channel to be listen to during the SCW is the operating channel and the BS shall specify that the reference CPEs are to use the synchronization mode = 0 so that the CBP burst capture is done synchronously with the internal frequency and time synchronization of each reference CPE which is locked to the BS (see Table 44, UIUC = 1).
5. The BS shall use the same frame to carry out the ‘fine’ BS-to-CPE ranging process described above with its reference CPEs as well as the CPE to be geolocated.  The BS shall also schedule the same frame to carryout all the CPE-to-CPE ‘fine ranging processes between the CPE to be geolocated and the reference CPEs.  Note that the adjacent frames can also be used if frequency and time synchronization slippage between these consecutive frames is tightly controlled.
6. The CPE in active mode shall transmit its CBP burst with the specified timing advance relative to the beginning of the second symbol of the SCW and the specified EIRP Density level and it shall contain, at least, the  CBP Identification IE (see 6.8.1.3.1.7).
7. Each reference CPE signaled by the BS to be in SCW passive mode during this frame shall capture the CBP burst using its own internal synchronization locked to the BS and shall acquire the amplitude and phase rotation (or I&Q) of the subcarriers contained in the CBP preamble, and optionally the pilot carriers as well, which when decoded, constitute the vector ‘Vernier3’, and shall store these values in a local register.
8. The BS shall then query the values contained in ‘Vernier3’ from each reference CPE and send all this information to the geolocator.

9.5.2.6 Geolocation calculations
As a result, the geolocator will then have all the information that it requires from the ‘fine’ BS-to-CPE ranging process with the reference CPEs and the CPE to be geolocated (precise propagation distance and local timing at each CPE), as well as the information from the ‘fine’ CPE-to-CPE ranging process from the reference CPEs to calculate all the propagation distances and carry out the triangulation to calculate the precise position of the CPE to be geolocated.
The accuracy of the process will be limited first by the accuracy of the CPE residual delays reported at registration by each CPE involved through the RNG-REQ MAC message which is specified to be +/-30 ns in sub-clause 6.10.7.3.6.8.  It will also be limited by potential multipath contained in the channel impulse response received at each CPE.  If complex multipath is experienced, it is possible that the right impulse that reflects the correct propagation distance may be hidden and/or diffused by other multipaths due to reflections on the RF channel.  Low SNR resulting from blockage or distant reference CPEs may also impact the accuracy.  However, accuracy can be improved in building redundancy in the process by using more reference CPEs.  This would help in selecting the reference CPEs that provide the cleanest channels among those used for the ranging process.  This choice can be made by the geolocator since it can have access to the channel impulse response at each reception point as the time domain representation of the different ‘Vernier’ vectors.  More accuracy in the triangulation calculations can also be obtained by using more reference CPEs. 
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