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1. Background
After the last RAN4 meeting, there has been agreed an LS response [1] on OTDOA assistance data sent as a reply to the RAN1 LS [1]. However, there are still some issues that remained open in the response. In particular, the search window size and the step size have been indicated in the response [1] as TBD as shown in Table 1 below. These issues are addressed in the current contribution. 

Table 1 (as in [1])
	Parameter
	Size [bits]
	Explanation

	Window Size
	[6-7]
	Accuracy/range of the estimated timing difference information at steps of ±TBD*Ts (e.g. roughly from ±TBD m to ± TBD km) 


2. The Impact of PRS Correlation Properties on the Size of the Search Window

As discussed in [1], the search window size r/c should ideally be defined for r as the maximum supported cell range. For the maximum cell range we could consider the maximum Timing Advance (TADV) reporting range for signaling from eNode B to E-SMLC node, which covers large cell range up to 240 km Error! Reference source not found.. Too narrow search windows result in that the searched peaks are falling outside the range with a high probability and either the false peaks are detected or the reference signal detection fails. This is demosnstrated by link simulations in this contribution.
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Figure 1. A proposed setup for link-level simulations.

Consider a three-cell scenario proposed in [1] with a UE located along a dashed line closer to the serving cell such the distance difference between BS1 and B2 is between 0.35*ISD and 0.4*ISD. We adopt most of the assumptions from [1], except that in order to only focus on misdetection due to the insufficiently large search window size and disregard, for example, the signal properties, we consider higher Ês/Noc levels than in [1] and non-overlapping PRS patterns only: <6 dB, 0 dB, 0 dB> and <cell ID 0, cell ID 1, cell ID 2>.  Furthermore, for each realization we include a random TA error uniformly distributed in [-4*Ts, 4*Ts]. The simulation assumptions are summarized in Table 2.

Table 2. Link simulation assumptions

	Parameter
	Value

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

	Cell ID scenarios
	<0, 1, 2>

	Network synchronization
	Synchronous <0,0,CP/2>

	Duplex modes
	FDD

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz

	Channel model
	ETU

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

	Ês/Noc for three cells, [dB]
	(6, 0, 0)

	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

	Number of consecutive positioning subframes
	2
non-coherent accumulation

	Number of positioning occasions for a positioning fix
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth

	TA accuracy
	+/- 4*Ts [36.133]


We assume inter-site distance of 10 km and experiment with the search window size controlled by parameter k, a scaling factor of ISD, which takes values of 0.25, 0.275, 0.3, 0.35, 0.4, so that the search window size is defined by the range [-k*ISD, k*ISD]. Figure 2 shows detection probability Pdet as a function of parameter k for BS2 and BS3 (BS1 is always detected). The results indicate that the detection probability, being not limited by the signal quality, is constantly increasing with k, starting from zero level at k=0.25 and achieving 100% at k=0.4. Note that in studied scenario k=0.25 corresponds to 2.5 km and k=0.4 corresponds to 4 km, while the ISD is 10 km, which is far below the maximum cell range typically assumed in RAN4. For ISD= 100 km, k=0.25 corresponds to 25 km and this would give us zero detection probability due to the insufficiently large search window, i.e. due to the mismatch between the real and the signaled time differency uncertainty levels. 
This leads us to a conclusion that the maximum RSTD search window for OTDOA shall be the maximum cell range supported by the standard.

Proposal: We therefore propose the folloing information on the window size parameter to be included in our LS response to RAN2.

Table 3
	Parameter
	Size [bits]
	Explanation

	Window Size
	12
	Accuracy/range of the estimated timing difference information at steps of ± 3*Ts (i.e. in total roughly from ±30 m to ± 120 km)
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Figure 2. PRS detection probability as a function of k.

3. Summary

We propose to define the maximum search window by 12 bits with 3*Ts resolution, i.e. roughly from ±30 m to ±120 km. The proposed draft LS to RAN2 on the search window size is provided in [5].
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4. Background
After the last RAN4 meeting, there has been agreed an LS response [1] on OTDOA assistance data sent as a reply to the RAN1 LS [1]. However, there are still some issues that remained open in the response. In particular, the search window size and the step size have been indicated in the response [1] as TBD as shown in Table 1 below. These issues are addressed in the current contribution. 
Table 1 (as in [1])
	Parameter
	Size [bits]
	Explanation

	Window Size
	[6-7]
	Accuracy/range of the estimated timing difference information at steps of ±TBD*Ts (e.g. roughly from ±TBD m to ± TBD km) 


5. The Impact of PRS Correlation Properties on the Size of the Search Window
As discussed in [1], the search window size r/c should ideally be defined for r as the maximum supported cell range. For the maximum cell range we could consider the maximum Timing Advance (TADV) reporting range for signaling from eNode B to E-SMLC node, which covers large cell range up to 240 km Error! Reference source not found.. Too narrow search windows result in that the searched peaks are falling outside the range with a high probability and either the false peaks are detected or the reference signal detection fails. This is demosnstrated by link simulations in this contribution.
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Figure 1. A proposed setup for link-level simulations.

Consider a three-cell scenario proposed in [1] with a UE located along a dashed line closer to the serving cell such the distance difference between BS1 and B2 is between 0.35*ISD and 0.4*ISD. We adopt most of the assumptions from [1], except that in order to only focus on misdetection due to the insufficiently large search window size and disregard, for example, the signal properties, we consider higher Ês/Noc levels than in [1] and non-overlapping PRS patterns only: <6 dB, 0 dB, 0 dB> and <cell ID 0, cell ID 1, cell ID 2>.  Furthermore, for each realization we include a random TA error uniformly distributed in [-4*Ts, 4*Ts]. The simulation assumptions are summarized in Table 2.
Table 2. Link simulation assumptions

	Parameter
	Value

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

	Cell ID scenarios
	<0, 1, 2>

	Network synchronization
	Synchronous <0,0,CP/2>

	Duplex modes
	FDD

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz

	Channel model
	ETU

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

	Ês/Noc for three cells, [dB]
	(6, 0, 0)

	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

	Number of consecutive positioning subframes
	2
non-coherent accumulation

	Number of positioning occasions for a positioning fix
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth

	TA accuracy
	+/- 4*Ts [36.133]


We assume inter-site distance of 10 km and experiment with the search window size controlled by parameter k, a scaling factor of ISD, which takes values of 0.25, 0.275, 0.3, 0.35, 0.4, so that the search window size is defined by the range [-k*ISD, k*ISD]. Figure 2 shows detection probability Pdet as a function of parameter k for BS2 and BS3 (BS1 is always detected). The results indicate that the detection probability, being not limited by the signal quality, is constantly increasing with k, starting from zero level at k=0.25 and achieving 100% at k=0.4. Note that k=0.25 corresponds to 2.5 km and k=0.4 corresponds to 4 km, while the ISD is 10 km, which is far below the maximum cell range typically assumed in RAN4. Note that k=0.25 (i.e. the lowest k-value studied which results in zero detection probability) with ISD of 100 km corresponds to 25 km. This leads us to a conclusion that the maximum RSTD search window for OTDOA shall be close to the maximum cell range allowed by the standard. 
Proposal: We therefore propose the folloing information on the window size parameter to be included in our LS response to RAN2.
Table 3
	Parameter
	Size [bits]
	Explanation

	Window Size
	12
	Accuracy/range of the estimated timing difference information at steps of ± 4*Ts (i.e. in total roughly from ±40 m to ± 160 km)
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Figure 2. PRS detection probability as a function of k.
6. Summary

We propose to define the maximum search window by 12 bits with 4*Ts resolution, i.e. roughly from ±40 m to ± 160 km. The proposed draft LS to RAN2 on the search window size is provided in [6].
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