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[bookmark: OLE_LINK1]Enhanced positioning – Link level evaluations and performance
[bookmark: _Ref396137062]Introduction
At RAN#72 a Work item on “Positioning Enhancements for GERAN” [1] was approved. Part of the WI scope is until RAN#73 to: 
· “study the performance of proposed positioning enhancements, including:
1. evaluate the accuracy of proposed positioning enhancements such as TA multilateration, with and without tighter assessment of timing by MS, and compare with existing positioning methods with the same hardware support as for the proposed enhancement.
2. procedures and signalling for the proposed positioning enhancements
3. evaluate suitability of the proposed positioning enhancements for EC-GSM-IoT, including impacts on MS complexity and power consumption”
This document focuses on the first bullet above. Specifically the accuracy of synchronization is evaluated by link simulations. Based on this a model of the MS-BTS distance estimation accuracy to be used in system simulations is derived.
Synchronization algorithm
A link simulator is used to derive the synchronization performance accuracy for both the MS and the BTS. The same basic synchronization algorithm is used in both uplink (EC-RACH, EC-PDTCH) and downlink (EC-SCH).
The synchronization algorithm takes symbol-spaced samples as input and performs the following steps:
· I/Q accumulate all blind physical layer transmissions (only within one 51-multiframe for EC-SCH and EC-RACH)
· Find coarse sync using a correlator (for access bursts only)
· Perform fine synchronization and channel estimation (symbol level)
· Post-process the channel impulse response to adjust the fine synchronization to sub-symbol resolution
· If there are multiple bursts within a radio block (EC-PDTCH) or the blind transmissions are mapped across multiple 51-multiframes (EC-SCH and EC-RACH): Average synchronization over bursts or 51-multiframes
Over-sampling of the signal has not been used in this evaluation but may improve the synchronization performance. However, it can be noted that already symbol-spaced sampling (at 271 kHz) is above the Nyquist rate of a 200 kHz signal, and going above that theoretically does not add extra information and hence it is unclear if any substantial gains can be expected by over-sampling.
Simulation assumptions
As proposed in [2] and agreed at RAN6#1 an EPA channel has been used in the link simulation evaluations while other assumptions have been taken from the Cellular IoT study (3GPP TS 45.820).

Simulation results
[bookmark: _Ref465868155]EC-RACH (uplink)
The standard deviation of the synchronization error for 1 TS EC-RACH CC1-CC4 is shown in Figure 1. The + markers indicate the Eb/N0 level at which 20 % BLER is reached for the respective CC.
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[bookmark: _Ref465856086]Figure 1: Standard deviation of synchronization error for 1 TS EC-RACH CC1-CC4.

[bookmark: _Ref465869986]EC-PDTCH/U (uplink)
The synchronization performance on EC-PDTCH is shown in Figure 2. The + markers indicate the Eb/N0 level at which 50 % BLER is reached for the respective CC.
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[bookmark: _Ref465856649]Figure 2: Standard deviation of synchronization error for EC-PDTCH/U CC1-CC4.
[bookmark: _Ref465861541]EC-SCH (downlink)
For EC-SCH no Coverage Classes are defined. The number of EC-SCH bursts received by the MS during a given synchronization attempt is implementation specific. In order to assess the DL synchronization performance, the DL synchronization error after different number of received EC-SCH bursts is simulated. The standard deviation is shown in Figure 3. The + markers indicate the Eb/N0 level at which 10 % BLER is reached for the respective number of received EC-SCH bursts.
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[bookmark: _Ref465857281]Figure 3: Standard deviation of synchronization error for different number of received EC-SCH bursts.
[bookmark: _Ref465861599]A closer look at the probability distribution
An example of the probability distribution of the synchronization error (for 1 TS EC-RACH CC2 at -4.5 dB Eb/N0) is shown by the red curve in Figure 4. For comparison, a normal distribution and a Laplace distribution, both with the same standard deviation as the simulated error, are shown. Another example (for EC-SCH with 7 combined bursts at -4 dB Eb/N0) is shown in Figure 5.
Comparing the simulated distributions with the theoretical normal and Laplace distributions, it seems that the Laplace distribution is a better match. This is true also for the EC-PDTCH (not shown). The match is not perfect, and gets worse at Eb/N0 levels far away from the BLER target (not shown), but seems to be a good enough model.
[image: ]
[bookmark: _Ref465867556]Figure 4: PDF of synchronization error for 1 TS EC-RACH CC2 at -4.5 dB Eb/N0. A normal distribution and a Laplace distribution are shown for comparison.
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[bookmark: _Ref465860792]Figure 5: PDF of synchronization error for 7 I/Q combined bursts of EC-SCH at -4 dB Eb/N0. A normal distribution and a Laplace distribution are shown for comparison.
TA estimation accuracy model for system simulations
[bookmark: _Ref465888827]MS synchronization error
The synchronization error of one EC-SCH reading can be assumed to be Laplace distributed (see section 4.4) with zero mean and a standard deviation as shown in Figure 3 in section 4.3. The number of bursts received for one EC-SCH reading depends on the Eb/N0. For simplicity it is assumed to be chosen among the set {1,2,7,14,21,28} to get a BLER of 10 % or less, as shown by the orange dashed line in Figure 6.
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[bookmark: _Ref465865264]Figure 6: Standard deviation of synchronization error for different number of received EC-SCH bursts.
Further, to improve the synchronization accuracy, it is assumed that the MS repeats the EC-SCH reading N times (i.e. for a single EC-SCH reading the MS receives Y EC-SCH bursts where Y is in the set {1,2,7,14,21,28}), where N is assumed to be 5, and averages the synchronization over the N samples to thereby arrive at an estimated MS synchronization error eMS. This is modelled by drawing N independent synchronization errors and averaging them. The blue dashed line in Figure 7 shows the standard deviation of the synchronization error after averaging over 5 EC-SCH readings. Also, the 95th percentile of the absolute synchronization error is shown by the blue solid line. 
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[bookmark: _Ref465943607]Figure 7: Standard deviation (dashed blue) and 95th percentile (solid blue) of synchronization error after averaging over 5 EC-SCH readings.

[bookmark: _Ref465889655]BTS synchronization error
When the MS has synchronized to the cell, it transmits access burst(s) on the EC-RACH. The timing of the received access burst(s) is estimated by the BTS with an error that can also be assumed to be Laplace distributed (see section 4.4) with zero mean and a standard deviation as shown in Figure 1 in section 4.1. The coverage class is assumed to be selected not to exceed 20 % BLER.
If the MS is required to send its TLLI, an UL TBF is set up[footnoteRef:1] and the MS transmits a single block on EC-PDTCH. The timing of the normal burst is estimated by the BTS with an error that can also be assumed to be Laplace distributed (see section 4.4) with zero mean and a standard deviation as shown in Figure 2 in section 4.2. For the EC-PDTCH the coverage class is assumed to be selected not to exceed 50 % BLER. In this case, the BTS is assumed to calculate the average timing of the EC-RACH and the EC-PDTCH transmissions, which is modelled by averaging the timing error of the two, and thereby arrive at an estimated BTS synchronization error eBTS. [1:  The TBF setup implies that the MS receives bursts on the EC-AGCH, which could potentially be used to improve the MS synchronization prior to transmitting on the EC-PDTCH. However, for simplicity this is not modelled in the system simulations.] 

[bookmark: _Ref465889794]MS-BTS distance estimation error
Even though the positioning method is called “TA multilateration”, it is not the TA itself but the estimated distance between the MS and the BTS that is used for positioning. The TA is equal to the propagation delay from the BTS to the MS and back to the BTS again, expressed in GSM symbol periods. Consequently, the TA estimation error is the sum of the MS synchronization error eMS and the BTS synchronization error eBTS (both expressed in GSM symbol periods). The MS-BTS distance estimation error (in meters) is therefore equal to ½(eMS+eBTS)CT, where C is the speed of light [m/s] and T is the GSM symbol period [s].
Conclusion
MS and BTS synchronization accuracy have been evaluated by link simulations. From this a model of the MS-BTS distance estimation error has been derived.
· The MS synchronization error eMS [GSM symbol periods] is modelled as the average of N independent Laplace distributed random numbers (see section 5.1), where N=5.
· The BTS synchronization error eBTS [GSM symbol periods] is modelled either (in case only access bursts are sent on EC-RACH) as a Laplace distributed random number, or (in case a single block is transmitted on EC-PDTCH in addition to the access bursts on EC-RACH) as the average of two Laplace distributed random numbers (see section 5.2).
· From this the MS-BTS distance estimation error is calculated as  ½(eMS+eBTS)CT, where C is the speed of light [m/s] and T is the GSM symbol period [s] (see section 5.3).
This model has been used in the system simulations in [3].
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