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1
Introduction

Work item for LTE positioning support was agreed in RAN Plenary meeting #42 [1] with an objective to define terrestrial positioning method similar to OTDOA in UTRAN. OTDOA positioning requires that several node B signals are received by the UE so that UE position can be calculated based on arrival time differences. Purpose of this contribution is to provide further results of hearability of node Bs in dynamic environment.
2
Discussion
Successful positioning using OTDOA requires that at least three base station signals are received from different base stations. For the normal LTE mobility purposes it is optimum that only the minimum number of cells are detected whereas for the OTDOA positioning purposes the more cells are heard the better. This basic “contradiction” in optimum deployment scenarios sets some requirements and also limitations how the LTE system should be operated when the UE is expected use LTE DL signal for positioning purposes. As the target of the WID under which DL OTDOA control plane positioning support is developed is emergency call purposes ( e.g. requirements are developed for the voice call locationing specifically apply to emergency calls only), it may be possible to make related tradeoffs in the system design for supporting DL OTDOA positioning. In this way it may also be possible to avoid to unnecessary implications and especially negative implications on LTE networks, in which LTE DL OTDOA is not deployed.  For instance, it should carefully be considered whether there are practical needs and deployment plans for DL OTDOA in asynchronous networks as reaching the same yield for both asynchronous and synchronous networks would set tougher requirements for the definition of DL OTDOA concept and thereby increase the complexity.
In order to minimize L1 implications and avoid making LTE systems and UEs supporting DL OTDOA a special case of LTE, it would be important to ensure DL OTDOA performance enhancements, such as hearability enhancements, without any positioning specific L1 signals. In the earlier contributions e.g. [2] it has been studied how blanking improves hearibility of different sites. Based on these earlier studies we have already learnt that it is important to blank the whole serving site rather than the serving cell only. These earlier studies have also indicated that most of the gain achievable through blanking comes from the serving site blanking, which makes it more practical to obtain as there is no need for blanking coordination between different sites. 
In the simulation results presented in this contribution we have studied hearability aspects further in order to understand whether new L1 signals like new positioning related reference symbols are needed or whether the existing common reference symbols together with the serving site blanking and reuse. Potential need for new positioning specific reference symbols seems to be coming primarily due to hearability limitations. 
Simulation parameters are shown in Table 1. Simulations are done in a dynamic environment where aspects like the amount of traffic and interference can be varied. Also slow and fast fading are included in the simulations. These dynamic simulations provide more realistic estimates for hearability than e.g. static simulations presented earlier as e.g. aspects like varying radio conditions help in hearability problems. Once a UE has detected a new cell it is easier to measure and maintain synchronization to that cell. Better tracking performance is typically also ensured in RAN4 requirements. In the simulations, we assume that once a UE is able to detect a cell, it is also able to measure the RSRP level of the cell. 
See Figure 1 for the scenario layout and the studied “area of interest” (from the viewpoint of a single cell in one site). In simulations, we first drop N UEs uniformly over the the area of  interest (so that each of them attaches to the studied cell). We then assume a blanking configuration (only own site blanking during measurement subframes is considered in these simulations) for the studied site, and assume that UEs can always receive the serving cell. Then, during each measurement subframe, we calculate Ês/Iot and RSRP for each UE in the area of interest and check the hearability for each site. A UE identifies a cell when its Es/Iot and RSRP exceed given threshold parameters, and once a site has been identified it is assumed to stay identified.  As a hearability threshold values we have used RSRP = -127 dBm and Ês/Iot = – 6dB, similarly as is defined in RAN4 for the LTE REL8 mobility requirements. Finally, we also assume cyclic shifts for the RS sequences so that each cell with the same antenna direction uses the same RS sequence. This means that in case there is no traffic in the cell, it will not interfer the cells with the other RS patterns. We do the simulations both with and without loading, assuming certain average load, varying during time but staying at certain constant average level. 
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Figure 1. Simulated Macro Scenario
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Figure 2 Simulated network layout.

Naturally, the more time passes the better chances each UE has to identify at least N = 3 sites since more measurement occasions are provided, and since we track each UE individually, we are able to show a time progress of the hearability. Finally, it is possible that the amount of dropped UEs can affect the results in case too few UEs are used, but we have tested several different amount of users and the change in results is negligible when increasing the amount beyond what is used in these simulations.
Table 1 Simulation Parameters
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid

	Inter-Site distance
	500m, 1732 m

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

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

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	eNB power
	43 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	UE speed
	3 km/h

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal

	Measurement interval
	10 ms

	Simulation length
	30 seconds

	Traffic load
	0, 25, 50, 75 and 100%

	Number of transmit antennas
	1

	RSRP Threshold
	-127 dBm

	Ês/Iot threshold
	-6 dB (unless otherwise stated)


The results for Case 1 (i.e. 500m inter-site distance) are presented in Figure 3, which shows the number of identified sites for cases from zero load (i.e. no traffic during the measurement subframes, only RS interfere each other) to full load (which is the worst case from the hearability perspective: Both traffic and RS interfere each other) after the full simulation. From the results we can see by utilising the serving site blanking and RS reuse 1/3 it is possible to ensure that almost all UEs detect at least three different sites, given enough time. This seems to indicate that without any LTE L1 signal changes it is possible to ensure that the UE can be positioned using DL OTDOA in the studied macro scenario. Further, Figure 4 shows the time evolution for the number of observed sites: It is visible that actually in all but the fully loaded case, 90% UEs are able to hear at least 3 sites in quite a short time, i.e. in less than 1 second. Figure 5 and Figure 6 show the same results for Case 3 (i.e. 1732 m inter-site distance), and the results are quite similar, even though Case 3 shows somewhat worse performance but 90% of UEs are able hear 3 sites within 1 second, and 95% if UE within 5 seconds. Finally,  REF _Ref228372584 \h 
 Table 2 shows the numerical results for the amount of UEs that are able to identify at least 3 sites within the simulated time (i.e. 30 seconds).
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Figure 3 Number of identified sites, Macro Case 1, UEs within 250 m from the serving cell, 30s simulation
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Figure 4 Time Evolution of Site Hearability, Macro Case 1
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Figure 5 Number of identified sites, Macro Case 3, UEs within 850 m from the serving cell, 30s simulation
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Figure 6 Time Evolution of Site Hearability, Macro Case 3

Table 2. Probability to hear at least 3 sites within 30 seconds, measurements interval = 10 ms
	Case/Loading
	0% load
	25% load
	50% load
	75% load
	90% load
	95% load
	100% load

	Case 1
	100
	100
	100
	100
	100
	100
	96.25

	Case 3
	98.375
	98.375
	98.375
	98.125
	98.125
	98
	94.875


Discussion in work item has mainly been concentrating on hearability issues and possible improvement methods but the ultimate measure for positioning system performance is accuracy of positioning itself. Although some positioning accuracy results have been presented the issue how hearability affects positioning accuracy has not been discussed in detail. Thus it is not clear how to link the hearability results to the positioning accuracy requirements and what is the adequate level for hearability so that requirements set by FCC [3] can be met in a system that can be assumed to use AGNSS as a main positioning technique whenever a satellite fix is available. Issues affecting the position accuracy are at least delay measurement error in the UE, measurement report granularity, potential delay uncertainty due to practical network implementation and geometry between UE and the heard node Bs locations and the actual algorithm that is used to calculate final position based on delay measurement results. Accuracy of UE delay measurement is further affected by SNR of signal used for measurement and propagation conditions. For instance, the same measurement error in delay measurement may not be realistic for all SNR levels but instead more accurate estimates as a function of SNR may need to be considered. Alternatively, measurement error at worst SNR levels could be used. Propagation profile has a major effect since path arriving first to UE must be identified for the measurement. Actual algorithm used for calculating final position information based on delay measurement results should be discussed. Baseline algorithm for the simulations could be agreed so that assumptions for this part of the positioning study would be identified.
3 Conclusions

Our latest hearability simulation results obtained using dynamic system simulations indicate that the existing common reference symbols would ensure that most of the UEs in macro cell environment would be able to hear at least three cells, which would enable positioning fix. 
In addition to hearability issues also accuracy of the measurement should be discussed and the relevant error sources should be identified. In this contribution we have listed some aspects that need to be considered when identifying and estimating errors in delay and positioning estimates. Baseline positioning algorithm could be agreed in order to different positioning accuracy results more comparable with each. It might also be beneficial to work together with RAN4 for identifying and understanding realistic uncertainty estimates in delay estimates. 
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