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1. Introduction
Initial assumptions for link-level evaluations for specifying RSTD accuracy were proposed in [1]. Based on discussions at this meeting, a way forward is proposed in this contribution.
2. Discussion

The following considerations are essential in link-level evaluations and tests.

· The size of the neighbor cell list (NCL) is 24 as per the agreements indicated in [2]. 
· In the simulations, Cell 1 (serving), Cell 2 and Cell 3 are explicitly modeled by generating the signal, delaying the signal as per the relative frame timing setting and adding AWGN. Cell 2 and Cell 3 are the target cells for which reporting of OTDOA accuracy is necessary.

· The motivation for selecting the relative Ês levels and the relative frame timings for Cell 1, Cell 2 and Cell 3 is based on the FCC E-911 system requirements and is elaborated further in [4]. Four cases are considered as below.
1. For the synchronous non-overlapping
 case: PCID = (0, 1, 2), Ês/Noc = (25 dB, -5 dB, -10 dB) and relative frame timing (0, 1.5*CP, 2*CP), where CP = 4.7 us, are chosen.
2. For the synchronous overlapping case: PCID = (0, 6, 12), Ês/Noc = (25 dB, 5 dB, 0 dB) and relative frame timing (0, CP, CP), where CP = 4.7 us, are chosen.
3. For the partially aligned non-overlapping case: PCID = (0, 1, 2), Ês/Noc = (25 dB, -5 dB, -10 dB) and relative frame timing (0, 250 us, 450 us), are chosen.
4. For the partially aligned overlapping case: PCID = (0, 6, 12), Ês/Noc = (25 dB, 5 dB, 0 dB) and relative frame timing (0, 250 us, 450 us), are chosen.
Noc is set to -98 dBm which means that the received power levels for Cell 1, Cell 2 and Cell 3 are -73 dBm, -103 dBm and -108 dBm respectively when Ês/Noc = (25 dB, -5 dB, -10 dB).

· OTDOA accuracy should be reported taking into account ALL estimation attempts. Since the results reported in the simulation campaign will ultimately be used for setting the accuracy limits both for core requirements and tests (i.e., in testing whether a UE can report OTDOA within a certain accuracy range at least 90%/95% of the time before TBD seconds have elapsed), it is important to consider the event that the UE cannot detect a target cell reliably. For the case when the UE fails to detect Cell 2 or Cell 3 within TBD seconds, the TDOA estimate can be, say, set to the center of the search window (as signaled in the assistance data) for the purpose of computing OTDOA error. If failure to detect is not captured in the OTDOA accuracy results and tests, the simulations/tests are not meaningful as a UE may report OTDOA for target cells, say, only 60% of the time (i.e., the UE sends a report only when it believes that the OTDOA estimates are of high quality) and still pass the tests.
· Together with the PCID, the search window center (relative to serving cell timing) and the search window size are signaled in the NCL. Since there is an error between nominal frame timing of different eNBs (as known at the location server) and actual eNB frame timing, a small dither needs to be added to the signaled search window center. Signaled search window center for cell j = Tj + X, where Tj is the ideal timing of j-th eNB at the receiver and X is a uniformly distributed random variable over the interval [-S/4, S/4], where [-S, S] is the search window interval. For example, for a +/- 20 us search window (i.e., S = 20 us), a dither is added to the search window center by adding a uniformly distributed random variable [-5 us, 5 us] to the signaled search window center for each cell.

· The link tests comprise a three cell setup where Cell 1 is the serving cell and Cell 2 and Cell 3 are the target cells for which OTDOA accuracy in the UE reports needs to be tested. Since there are only two non-serving cells in the test, if the UE reports a cell in the NCL that is not Cell 2 or Cell 3, it is clearly a false detection. In the tests, it should also be checked that the UE sets thresholds appropriately prior to reporting to ensure that the rate of false detection is reasonably low (e.g., 1%). The target false detection rate should also be reported.
· As per the current RAN1 agreements [3, Section 5.2]: “A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal bandwidth and across all OFDM symbols in a subframe that contain positioning reference signals.”. This was introduced into the text to allow eNBs to turn on autonomous muting. Whether or not the eNBs actually implement autonomous muting, the UE still has to blindly detect the presence/absence of PRS in each PRS subframe before it can perform coherent/non-coherent detection. In other words, there is no signaling to the UE to indicate whether or not autonomous muting has been turned on. Blind detection can result both in degradation of TDOA accuracy (e.g., due to poor detection probability at low SINRs, serving cell interference, etc.) and increased false detection probability relative to ideal knowledge. Therefore, the UE receiver should model blind detection in the simulations to study its impact.
· For simplicity, only two propagation channels – AWGN and ETU 3 kmph – are chosen, the latter model (ETU) chosen to ensure that the UE receiver performance does not degrade under larger delay spreads.

· The transmitter impairments are modeled as a single EVM parameter set to EVM = 6%.

· The eNB-eNB oscillator error can be up to 50 ppb and eNB-UE oscillator error can be up to 100 ppb based on requirements from TS 36.101. The amount of clock drift at any sampling instant depends both on the update rate in the frequency correction loop and on the number of PRS occasions (e.g., 6 PRS occasions separated by 160 ms intervals for generating one TDOA estimate) used in estimating the TDOA. In the worst case, the errors can be additive when both Cell 2 and Cell 3 are drifting away in the opposite direction relative to Cell 1. The oscillator error should be modeled in the simulations.

· Practical AGC setting and ADC dynamic range considerations should be modeled in the simulations. This is particularly important to check when high detection probability is desired at low detection SINR.
3. Link Simulation Assumptions
The simulation assumptions for link-level evaluations are summarized in Table 1. The quantities to report from the simulations are:
i) absolute OTDOA error (X-axis units are integer multiples of Ts), and
ii) false detection probability, where false detection is defined as the event that a cell which is a part of cell identity list in the assistance data other than Cell 2 or Cell 3 is reported.  
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Table 1 - Link simulation assumptions

	Parameter
	Value

	Cell layout
	3 cells at distinct locations as illustrated in Figure 1 of [1]

	Network synchronization
	· Synchronous

· Asynchronous with partial alignment

	Duplex modes
	FDD and TDD

	TDD specific parameters
	Uplink-downlink configuration
	1

	
	Special subframe configuration
	6

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	AWGN, ETU 3 km/h

	Noc (does not include received powers of the three simulated cells), [dBm/15kHz]
	-98 dBm/15 kHz

	Scenarios:

Cell ID (cell 1, cell 2, cell 3),
Ês/Noc for the three cells in dB, and 
relative frame timing for the three cells
	Synchronous

[Test case 1] PCID = (0, 1, 2),  Ês/Noc = (25 dB, -5 dB, -10 dB) and relative frame timing =  (0, 1.5*CP, 2*CP), where CP = 4.7 us
[Test case 2] PCID = (0, 6, 12),  Ês/Noc = (25 dB, 5 dB, 0 dB) and relative frame timing =  (0, CP, CP), where CP = 4.7 us
Asynchronous with partial alignment
[Test case 3] PCID = (0, 1, 2),  Ês/Noc = (25 dB, -5 dB, -10 dB) and relative frame timing =  (0, 250 us, 450 us), where CP = 4.7 us
[Test case 4] PCID = (0, 6, 12),  Ês/Noc = (25 dB, 5 dB, 0 dB) and relative frame timing =  (0, 250 us, 450 us), where CP = 4.7 us

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS),

full or partial alignment

	Autonomous muting detection
	UE may not assume that PRS is present on a given subframe (i.e., UE should implement blind detection of muting on every PRS subframe)

	Number of consecutive positioning subframes
	1, 2, 4, 6

	Number of positioning occasions for a positioning fix
	TBD

	Search window size
	

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth

	Transmitter impairments
	· Tx EVM = 6%

· eNB-eNB frequency synchronization error = 50 ppb

	Receiver impairments
	· eNB-UE  frequency synchronization error = 100 ppb

· Practical AGC setting and ADC dynamic range limitations to be considered

	Assistance data
	· PCID list of 24 cells with PCIDs {0, 1, …, 23} is signaled to the UE

· Search window size: +/- 5 us and +/- 20 us

· Signaled search window center for cell j = Tj + X, where   Tj is the ideal timing at the receiver and X is a uniformly distributed random variable over the interval [-S/4, S/4], where [-S, S] is the search window interval.
For example, for a +/- 20 us search window size, a dither is added to the search window center by adding a uniformly distributed random variable [-5 us, 5 us].






























































� Two cells have non-overlapping PRS patterns if mod(PCID_cell1, 6) is not equal to mod(PCID_cell2, 6) assuming that there is perfect time alignment between the signals at the receiver where PCID_cell1 and PCID_cell2 are the PCIDs of the two cells. Otherwise, the two cells have overlapping PRS patterns.





PAGE  
1

