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1. Introduction
The parameters for link simulations that will form the basis for the specification of core and test performance requirements for OTDOA-based positioning support should be chosen in a manner such that if the UEs meet these requirements, the resulting positioning accuracy will meet the target system requirements.  Though no formal system performance requirements have been defined for OTDOA location, the E-911 requirements [1] have been discussed extensively as a goal, if not a requirement, wherein the required accuracies are 50 meters and 150 meters with reliabilities of 67% and 95%, respectively.  Regardless of whether the E-911 requirements or some other targets are adopted as system requirements, the link level requirements for receiver performance should in some way reflect these system requirements.
Simulation assumptions for link-level evaluations for deriving the UE performance requirements have been proposed in [6]. Several link-level evaluations [7, 8] have considered the three-cell setup from [6] with some modifications to the relative signal levels resulting in similar modifications of the PRS SINR for the target cell(s). Metrics such as absolute OTDOA error, standard deviation of OTDOA error, false alarm probability, etc. as a function of PRS SINR have been reported. The detection SINR for the equal power cell case is -3 dB while that for the unequal power cell case is -13 dB in [7], and -11 dB and -13 dB in [8]. 

In this contribution, we show that the target cell SINR’s in [6-8] are likely too high for ensuring that the TDOA measurement performance of Rel-9 UEs is sufficient to enable E-UTRA deployments to meet the target accuracy requirements. This is because the benign conditions in [6-8] do not capture the effect of strong interference leakage from the serving cell into the TDOA measurements on neighboring cells that occurs when the UE is near its serving cell. Specifically, for UEs near the serving cell, the SINR of the second strongest neighboring cell can be less then -35 dB, while the time-difference-of-arrival exceeds that normal cyclic prefix.  Since the time-difference-of-arrival exceeds the cyclic prefix, orthogonality between the neighbor cell and the serving cell is lost, and the very strong serving cell interference leaks into the TDOA measurement of the weak neighbor cell.  

2. Background

The two primary simulation parameters which must be specified in setting the RAN4 performance requirements for OTDOA positioning are 
1. timing difference between different eNBs  and

2. signal-to-interference ratio of the neighbor eNBs that should be detected and on which OTDOA measurements are to be taken.  
The observed time-difference of arrival of the signal from the serving cell is a function of the differential distance between the serving cell and the neighboring cell.  For Case 3 of [2], the inter-site distance is 1.7 km, and thus for any UE near the serving site, the differential propagation delay to the nearest serving site is approximately 5.6 microseconds (= 1.7e3 / 3e8), and this exceeds the normal cyclic prefix.  Furthermore, for a UE near the serving site, the differential propagation delay between the serving cell and any neighbor cell outside of the first ring will be approximately 9.7 microseconds, and this value is approximately twice the normal cyclic prefix.
System simulations results for Case 3 [2] in [3] and also in this contribution indicate that the signal-to-interference ratio of the second strongest neighbor site is less than -35 dB for 5% of randomly dropped UEs (similar results in [4] indicate that the signal-to-interference ratio of the second strongest neighbor site at the UE is below -40 dB for 5% of randomly dropped UEs in a system with an inter-site distance of 2.5 km).  Thus, in order to generate any OTDOA-based estimate of the UE’s location for Case 3, it will be necessary for 5% of the UEs to take time-difference-of-arrival measurements on cells for which the received signal-to-interference ratio is less than or equal to -35 dB.  If UEs cannot take accurate TDOA measurements at these signal levels, then it seems that it will not be possible to estimate the location of 5% of the UEs and the reliability of the position estimates will not exceed 95% regardless of the accuracy requirement.  It was in order to avoid the need to perform such measurements that muting of the positioning reference symbols was proposed in [5].
In the following section, simulation results are provided for both the distribution of the time-difference-of-arrival of neighboring cells and also for the joint distribution of the signal-to-interference ratio of the neighbor cells in combination with the time-difference-of-arrival.  These simulation results and the simulation results in [3, 4], are then considered as they relate the proposed link simulation parameters in [6-12].  Finally, in order to define link requirements consistent with the desire to achieve location estimation reliabilities of 95% or greater, modifications to the current link simulation parameters are proposed.
3. SINR and TDOA Statistics for Neighboring Cells
As noted above, simulation results capturing the distribution of the signal-to-interference ratio of the neighboring cells in [3, 4] indicate that the signal-to-interference ratio of the second strongest neighbor cell can be less than -35 dB and -43 dB, respectively, for 5% of the UEs in a system with inter-site distances of 1.7 km (Case 3 of [2]) and 2.5 km, respectively.  In Figure 1 below, the distribution function of the C/I of the m-th strongest neighbor as m varies from 1 to 8 has been simulated for Case 3 [2].  From Figure 1, it is apparent that the C/I of the strongest neighboring cell is less than -35 dB for approximately 5% of randomly dropped UEs.  Since TDOA measurements for at least two neighbor sites are required in order to estimate the UE position, it will be necessary for the UE to take TDOA measurements on neighbor cells for which the C/I is less than or equal to -35 dB in order to achieve a location reliability of 95%.
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Figure 1:  Long-term C/I for the m-th strongest neighbor
In a synchronous system, it is possible to take TDOA measurements on neighbor cells without interference from the serving cell so long as the sum of the channel delay spread and the time-difference of arrival of the neighbor cell relative to the serving cell does not exceed the cyclic prefix.  However, as discussed in [4], when the sum of the of the channel delay spread and the time difference of arrival of the neighbor cell exceeds the cyclic prefix, the serving cell signal will interfere  with the TDOA measurement of the adjacent cell even if the two cells use different subcarrier shifts for the PRS transmission
.  In Figure 2, the distribution function of the time difference of arrival is shown for m-th strongest neighbor as m varies from 1 to 8 for Case 3 [2].  From the distribution function of the second strongest neighbor, it can be seen that the serving cell will interfere with TDOA measurements on the second strongest neighbor cell even in the absence of channel delay spread.  More problematic still, it can be observed that the signals which are weakest are also the furthest from the serving cell, and thus have the largest time difference of arrival relative to the serving cell.  Thus, weak signal strength is highly correlated with a large TDOA.  
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Figure 2:  Absolute TDOA (ideal) for the m-th strongest neighbor where X (x-axis) is in multiples of 2*Ts
In order to characterize the extent of the correlation between signal strength and TDOA, the joint distribution of the TDOA and the C/I of the neighbor cell was determined for Case 3 [2] as shown in Table 1.  From Table 1, it can be observed that for the second strongest neighbor cell, the C/I is less than -30 dB and the time difference of arrival exceeds the cyclic prefix for 5.7% of randomly placed UEs.  Thus, in order to achieve a location reliability of 95% (independent of the specific system-level accuracy requirement), it will be necessary for the UE to take TDOA measurements on neighbor cells for which the C/I is less then -30 dB and for which the TDOA exceeds the normal cyclic prefix length with sufficient precision. For example, in order to meet the E-911 requirement for 150 meter accuracy with 95%-tile reliability, the UE must measure the TDOA of the second strongest neighbor cell with an error of less than 8 samples (= 16 Ts) for the 10 MHz case
. 
	percentage
	X = -10 dB
	X = -20 dB
	X = -30 dB
	X = -40 dB
	X = -50 dB
	X = -60 dB

	m = 1
	0.1
	0
	0
	0
	0
	0

	m = 2
	25.2
	13.0
	5.7
	2.3
	0.8
	0.1

	m = 3
	53.7
	24.4
	9.1
	3.5
	0.9
	0.3

	m = 4
	71.2
	36.2
	11.9
	3.9
	1.3
	0.3

	m = 5
	80.3
	50.0
	14.7
	4.6
	1.7
	0.3

	m = 6
	87.4
	62.8
	19.5
	5.7
	2.2
	0.5

	m = 7
	92.8
	75.1
	21.9
	5.8
	2.7
	0.5

	m = 8
	94.3
	84.1
	26.1
	7.7
	2.6
	0.8


Table 1 -  Prob(TDOA > CP and SINR < X) for the m-th strongest cell
4. Link Simulation Parameters and Location Reliability
The link simulation parameters used to specify and test performance requirements for OTDOA location should be chosen in a manner such that if UEs meets these requirements, the resulting location estimate will meet the system requirements for accuracy and reliability.  The system simulation results in Table 1 indicate that in order to form an OTDOA-based estimate of the UE location with a reliability of 95%, it will be necessary for the UE to take measurements on neighbor cells for which the C/I is less than -30 dB and the TDOA exceeds the cyclic prefix.   In order to ensure that accurate TDOA measurements can be taken on more than two adjacent neighbors, even more stringent requirements will be needed.

Given the joint distribution of the C/I and the TDOA for the second strongest neighbor cell given in Table 2, it seems that the simulation parameters proposed in [6-12] will not be sufficient to ensure that even the minimum of two TDOA measurements needed to estimate the UE location will be available with 95% reliability.  If detection thresholds are selected for the relatively benign conditions proposed in [6-12], it is reasonably likely that cross-correlation with neighbor cells having a C/I of -30 dB or less will yield peaks which do not exceed these thresholds.  As a result, the UE will not report TDOA measurements for such neighbor cells and the reliability of the location estimate will not exceed 95%.
An additional issue that should be considered in these link simulations is the possibility of autonomous muting.  It has been demonstrated in multiple contributions [5, 13, 14] that PRS muting will likely be required in order to meeting the E-911 (or similar) performance requirements for the asynchronous (partially-aligned) case.  Autonomous muting is currently permitted within the specification TS 36.213 on a subframe by subframe basis, and because it is permitted, the UE cannot assume that the PRS are transmitted in any particular subframe.  As a result, not only must the UE be able to take TDOA measurements neighbor cells with a C/I of -30 dB or less, it must do so in the absence of a priori knowledge as to whether or not the PRS are present in any particular positioning subframe.  Such a requirement is certainly very challenging and thus must be tested.

In order to ensure that the OTDOA method can be used to estimate the location of at least 95% of randomly positioned UE’s, we propose that the following set of simulation parameters be considered:

i) one of the two neighboring cells should have a C/I of -30 dB or less, and a time offset that it is at least equal to the length of the normal cyclic prefix.
ii) autonomous muting be included in the testing for both the synchronized and the partially-aligned cases (Note: What muting patterns should be used by the eNBs in order to simulate autonomous muting in the link-level evaluations is for further discussion).
5. Proposed Change to Link Simulation Cases

Based on this we propose that the link simulation cases defined in [6] be modified to that proposed in Table 2. The following changes have been suggested:

i)
the case where the relative power levels for the three cells are (0 dB, -15 dB, -30 dB) be selected as mandatory and the original equal power case (0 dB, 0 dB, 0 dB) be selected as optional
ii)
2 Tx for CRS as baseline
iii)
Autonomous muting disabled as the baseline assumption for synchronous case, and autonomous muting enabled as the baseline assumption for the asynchronous (partial alignment) case
iv)
Number of positioning occasions for a location fix be TBD (instead of 1 [6]).
The changes relative to [6] have also been highlighted in Table 2.
6. Core Requirements and Test Cases

It is proposed that the link simulation assumptions in Table 2 should be used for deriving both core requirements and test cases. The total number of possible combinations is 16 (from 2 cell ID sets, 2 network deployments -- synchronous and asynchronous, 2 BWs, 2 UE speeds, 2 relative Ês level sets) for both FDD and TDD. However, these are only the different simulation scenarios for deriving the core requirements and should not in any way reflect the number of different test cases that should be specified. Some combinations might not be useful from a practical standpoint. For example, the PCID set (0, 6, 12) and the relative Ês level set (0 dB, -15 dB, -30 dB) for the synchronous case is not relevant as it is unlikely that the location server would use neighbor cells with the same subcarrier offset as the serving cell as such measurements suffer from serving cell interference particularly when the serving cell received power is large (i.e., UE close to cell center). It is proposed that a subset of the possible cases be chosen to keep the test complexity low while at the same time ensuring that the UE receiver performance can meet the target system requirements for positioning accuracy (E-911 requirements used as baseline).
7. Conclusions
Serving cell interference can degrade neighbor cell OTDOA measurements for a large fraction of randomly chosen UE locations specially in deployments with an ISD comparable to that in Case 3 [2] or larger. Link-level settings for core requirements and tests should reflect such conditions so as to ensure sufficient UE receiver performance in order that OTDOA, which is the LTE-native positioning method in Rel-9 and beyond, can deliver the required system-level accuracy/reliability requirements (E-911 requirements [1] used as baseline),. Towards this end, we propose that the assumptions for link-level evaluations be modified to include the case of a target cell that is 30 dB below and is CP length offset from the serving cell to test UEs in this context. We note that, if the OTDOA measurement accuracy requirements and tests do not ensure that the Rel-9 UEs perform well under some of the important limiting conditions, there is risk that the target accuracy requirements (such as 95%-tile accuracy limit of 150 m for E-911) cannot be met by the DL OTDOA-based positioning method in LTE.
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Table 2 - Link simulation assumptions

	Parameter
	Value

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

	Cell ID scenarios (cell 1, cell 2, cell 3)
	(0, 1, 2), 

(0, 6, 12)

	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

	UE speed
	· 3 km/h

· 30 km/h

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU, EPA, AWGN

	Noc (does not include received powers of the three simulated cells), [dBm/15kHz]
	AWGN,  exact values are TBD

	Ês/Noc for three cells, [dB] and relative frame timing for the three cells
	Synchronous
· Mandatory: relative Ês level (0 dB, -15 dB,-30 dB) and delay (0, CP/2, CP)
· Optional: relative Ês level  (0 dB, 0 dB, 0 dB) and delay (0, CP/2, CP)
Asynchronous (partially-aligned)
· Mandatory: relative Ês level (0 dB, -15 dB,-30 dB) and delay (0, 250 us, 450 us)
· Optional: relative Ês level  (0 dB, 0 dB, 0 dB) and delay (0, 250 us, 450 us)

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	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
	· Synchronous: disabled (baseline)

· Asynchronous (partial alignment): enabled (baseline) 

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

non-coherent accumulation

	Number of positioning occasions for a positioning fix
	TBD

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth


9. Annex

Simulation results correspond to Case 3 [2] for a grid of 57 macro-cells in accordance with simulation assumptions in Table 3.  The strongest RSRP attachment policy was used in which each UE is attached to the cell with the largest observed RSRP. The following metrics were extracted from the simulation. 

i) 
Long-term C/I for the m-th strongest neighbor, m = 1,…,8;

ii)
TDOA (ideal) for the m-th strongest neighbor, m = 1,…,8;
iii)
Prob (abs(TDOA) > CP and long-term C/I < threshold).

Table 3 -  Simulation assumptions from [15]

	Parameter
	Value

	Scenarios (ISD, height, UE speed, penetration loss)
	· Case 1 (500 m, 3 km/h, indoor: 20 dB)

· Case 2 (500 m, 30 km/h, outdoor: 10 dB)

· Case 3 (1732 m, 3 km/h, indoor: 20 dB)

	Cell layout
	Hexagonal grid, wrap around

	Number of sites
	19 sites, with 3-sectored antennas at each site

	Network synchronization
	· Synchronous

· Asynchronous

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	Carrier frequency 
	2 GHz (E-UTRAN FDD band 1)

	Carrier bandwidth
	· 1.4 MHz (baseline)

· 10 MHz

	Channel model
	ETU, EPA

Optional: Urban A, Urban B and Bad Urban profiles of T1P1

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) 

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Minimum distance between UE and BS
	35 m

	eNode B antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	UE antenna gain
	0 dBi (omni)

	eNode B power, Pmax
	43 dBm (1.4 MHz) or 46 dBm (10 MHz)

	PRS power per RE
	( Pmax-10*log10(Nsc)+4 [dB]

	UE noise figure
	9 dB

	Number of transmit antennas
	PRS
	1

	
	CRS
	2

	Number of receive antennas
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS) with full or partial alignment

	Number of consecutive positioning subframes
	( 6

	Number of positioning occasions for a fix
	( 3

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

	PRS transmission bandwidth
	Full carrier bandwidth






























































� If the serving and neighbor cells have different subcarrier shifts in PRS transmission, the patterns are orthogonal resulting in no serving cell interference to OTDOA measurements of the neighbor cells as long as the sum of the delay spread and differential delay are below the cyclic prefix. But, if the sum exceeds the cyclic prefix, even when the shifts are different, ISI/ICI leads to interference from serving cell to neighbor cell OTDOA measurements.


� This is an upper bound on the allowed OTDOA error for the second best neighbor cell assuming that the OTDOA for the first best cell has zero error. In general, the position error is sensitive to OTDOA error of all the neighbor cells used in the estimation procedure. 
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