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1 Introduction

In [1], a way forward on RFPM simulation assumptions has been agreed, where at least the following points for discussion in RAN4#60AH have been indicated:
· Reference E-CID techniques,

· Simulation approaches,
· Simulation assumptions, including error modeling and uncorrelated effects between collected and measured data.
In this contribution, we address the issues above and also discuss options for 
· reference RFPM implementation.
2 E-CID

According to TS 36.305,
"In the Cell ID (CID) positioning method, the position of an UE is estimated with the knowledge of its serving eNode B and cell. The information about the serving eNode B and cell may be obtained by paging, tracking area update, or other methods. Enhanced Cell ID (E‑CID) positioning refers to techniques which use additional UE and/or E‑UTRAN radio resource and other measurements to improve the UE location estimate."

With E-CID, at least the following sources of information are involved for position calculation:

· Cell IDs (PCI and ECGI),

· geographical descriptions of cells,
· signal strength/quality measurements of cells (up to 32 cells in LTE, including the serving cell),
· timing measurements,
· direction measurements.
The following UE measurements may be obtained specifically for E-CID in LTE:
· RSRP and RSRQ for up to 32 cells, including inter-frequency,

· E-UTRA carrier Received Signal Strength Indicator (RSSI), including inter-frequency,
· UE Rx-Tx time difference.
The following quantities may be reported for E-CID by eNodeB:
· eNodeB Rx-Tx time difference (TA Type 2),
· TA Type 1 being (eNodeB Rx-Tx time difference) + (UE Rx-Tx time difference), and 
· AoA (can be eNodeB-measured AoA or UE-measured AoA, e.g. based on PMI reported by UE and converted to eNodeB AoA using a trivial conversion).

Unfortunately, the quantities reported by eNodeB are currently limited to measurements that can be obtained by the serving eNodeB.

From the above it is clear that E-CID in LTE involves measurements from multiple (up to 32) cells.
Proposal 1: E-CID approach used as a reference for RFPM evaluations shall involve measurements from multiple cells.
2.1 E-CID implementation not requiring standardization

Observation: E-CID may have different implementations when it comes to how the collected measurements are utilized for obtaining location of the LCS target. Some examples are AECID, hybrid positioning, RF fingerprinting, etc.
Proposal 2: For RFPM comparison, at least the following measurements are to be included in the reference E-CID approach: relative RSRP and relative RSRQ for multiple cells, UE Rx-Tx for the serving cell.
In the next section, we further elaborate on the motivation for Proposal 2.

2.1.1 RF Fingerprinting

One of the most common techniques for fingerprinting is RF fingerprinting. In LTE, it would exploit UE measurements of received signal strength for multiple cells. The geographical RF maps can be created by advanced radio signal strength prediction software, using very detailed information of the 3D geographical topology together with accurate information of the cell plan, site configuration, etc. To achieve a good enough accuracy such prediction software still may need to be complemented with surveying. Another approach would be to rely entirely on surveying, which, however, would be very costly even for normally sized cellular networks since the positioning accuracy will always be bounded by the density of the geographical grid of the RF map.
Even when accurate predictions of the signal strength can be made, another problem limits performance – the RF signal is very sensitive to user orientation and the way the UE is held, e.g., against the user’s head. Such effects can easily amount to more than 10 dB of uncertainty (see, e.g., Figure 1). Some ways to mitigate the effects of this problem is to apply averaging, use relative signal strength measurements, or use timing measurements which are less sensitive to UE orientation.
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Figure 1. Measurements illustrating the impact of head and body fading on the position accuracy: No head fading (left) and 6 dB head fading (right). The eNodeB positions are marked with stars. Different colours correspond to different measurement clusters each corresponding to a quantize level of pathloss measurements.
Another current limitation, which specifically hits fingerprinting-like positioning methods, is that the current positioning signaling supports reporting of only one area, but not multiple areas, while the most flexible GAD shape used for positioning reporting, polygon, is limited by at most 15 vertices. Multiple area reporting could enhance the quality of position when the potential location areas are split (e.g., urban or mountain environment) or when it is known that the LCS target cannot be located in some parts of an area described by a GAD shape.
2.1.2 Adaptive E-CID (AECID)
Another way to enhance ﬁngerprinting positioning performance is to extend the number of radio properties that are used. Unfortunately, the geographical radio map then becomes much more difficult to generate. In addition, the problem with hand-held UEs becomes even more complex. Furthermore, there is a need to address the accuracy of the measured position, using multiple radio properties. Ideally, this requires that both an inaccuracy and an associated conﬁdence value are determined together with the position. The Adaptive E-CID (AECID) positioning method [3] addresses the above problems.
AECID fuses geographical cell descriptions (corresponding to CIDs), RF signal measurements, timing measurements, direction measurements, etc. The method replaces the radio property prediction software and the surveying by a self-learning mechanism which exploits collected measurements associated with high-precision positions (e.g., GPS, A-GNSS or OTDOA).
2.1.3 Hybrid Positioning

Hybrid positioning is a technique that combines measurements used by different positioning methods and/or results delivered by different methods. An example of hybrid positioning is hybradizing RSTD measurements with A-GNSS TOA measurements, which may be especially useful when e.g. neither the number of RSTD measurements nor the number of TOA measurements are sufficient for the corresponding standalone positioning methods.
3 Simulation Approach
We agree with the discussion in [2] that a realistic simulation approach is more practical for evaluating positioning performance for practical networks. This has also been the approach used for evaluation of other positioning methods.
Proposal 3: Realistic simulation approach is strongly preferred as a baseline for RFPM studies as it provides more practical results.
Proposal 4: Use DL-only and RTT-like measurements both E-CID and RFPM, to simplify simulation studies.
4 Simulation Assumptions

Proposal 5: For network deployment configuration, reuse system simulation assumptions used for OTDOA, e.g., as listed in Table 1 below. Additional assumptions are as in Table 2.
Table 1. Simulation assumptions for RFPM evaluation studies

	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 (baseline)
· 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 [5]

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km) [6] (macro-only scenario)

	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 [7]

	UE antenna gain
	0 dBi (omni)

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

	UE noise figure
	9 dB

	Number of transmit antennas
	2

	Number of receive antennas
	2


Table 2. Additional simulation assumptions for RFPM evaluation studies
	Parameter
	Value
	Comment

	Network deployment assumptions
	
	See Table 1

	E-CID
	· Multi-cell (e.g., up to [X] cells)

· Measurements: relative RSRP, relative RSRQ, UE Rx-Tx, [RSTD is FFS]
· Reference positions: …
	

	RFPM
	· Multi-cell (e.g., up to [X] cells)

· Measurements: absolute RSRP, TA, [RSTD is FFS]
· RF grid resolution: TBD
	


5 Summary
Observation: E-CID may have different implementations when it comes to how the collected measurements are utilized for obtaining location of the LCS target. Some examples are AECID, hybrid positioning, RF fingerprinting, etc.

Proposal 1: E-CID approach used as a reference for RFPM evaluations shall involve measurements from multiple cells.

Proposal 2: For RFPM compariosn, at least the following measurements are to be included in the reference E-CID approach: relative RSRP and relative RSRQ for multiple cells, UE Rx-Tx for the serving cell.
Proposal 3: Realistic simulation approach is strongly preferred as a baseline for RFPM studies as it provides more practical results.

Proposal 4: Use DL-only and RTT-like measurements both E-CID and RFPM.
Proposal 5: Adopt system simulation assumptions shown in Table 1 and Table 2.
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