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1 Introduction
In the last RAN (#42) meeting [1], a WI proposal on Positioning Support for LTE was accepted. It was agreed to provide support for a downlink positioning method similar to OTDOA in UMTS. This contribution investigates the OTDOA method for LTE. First it is investigated if LTE signals can be used for positioning using the OTDOA method. It is shown that with existing signals, positioning coverage will be too poor in high-load scenarios due to too low SINRs. The properties of the E-IPDL method [2] are then investigated. By means of system simulations, the effect of planned and unplanned reuse for E-IPDL investigated. It is shown that planned reuse can improve the SINR significantly for the users suffering most from a hearability problem. 
2 Hearability analysis using existing LTE signals 
Positioning using a method based on time measurements requires that the timing of at least three geographically dispersed base stations is measured. In practice it is favourable to be able to measure, say, five base stations, since the three strongest sites don’t necessarily provide a good geometry for position determination. Therefore, it is necessary to ensure that the SNR to the fifth strongest base stations is high enough so that it can be detected by the UE. 
Cellular systems which reuse the same frequency band are designed to create strong isolation between cells, meaning that the signal from the own serving cell should be strong, while interference from the neighbouring base stations should be minimized. This means that the requirements for positioning and communication are conflicting. Since LTE is primarily a communication system, time measurements using existing LTE signals need to be done at very low SINR to neighbouring base stations, which puts stringent requirements on the UE receiver and also typically results in low positioning accuracy. 
Figure 1-3 below shows simulated system-level SINR CDF distributions in three different environments, dense urban, urban and rural. Two base station antennas setups are used with varying tilt. General settings in the scenarios:
· 752 MHz (center frequency of the upper C block in 700MHz band),

· BS power = 20W (20/25=0.8W per RB, with no power reduction),

· no indoor users

· UE noise figure = 8dB

· load= 100% (on measured signals)
· Kathrein 3-sector directional antenna (17.7dBi, 65 deg. beamwidth), no cable loss included

· 0 or 7 degrees antenna electrical tilt

· UE antenna height = 1.5m

· Environments:
	Environment
	Inter-site distance (ISD)
	BS antenna height
	Pathloss model (d is in [m])
	Shadowing std. deviation

	Urban dense
	500 m
	37 m
	L=19.47+34.6*log10(d), d(35 m
	8 dB

	Urban
	2500 m
	37 m
	L=19.47+34.6*log10(d), d(35 m
	8 dB

	Rural
	4500 m
	60 m
	L=10.19+33.3*log10(d), d(35 m
	6 dB


For each setup, distributions of five strongest SINRs as measured by users are shown such that the rightmost CDF corresponds to the first strongest cell and the leftmost CDF corresponds to the fifth strongest cell. For the setup that minimizes inter-cell interference for the serving cell, the SINR to the third base station is very low, e.g.  -30dB at the 5% level for the fifth strongest base station in the dense urban case of Figure 1. 
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Figure 1. SINR distributions for a fully loaded network, dense urban area.
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Figure 2. SINR distributions for a fully loaded network, urban area.
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Figure 3. SINR distributions for a fully loaded network, rural area.

The timing can be measured using some of the known signals that are always transmitted from an eNodeB: 

- Synchronization signals (SSs)

- Reference signals (RSs)

Synchronization signals, Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS) are transmitted in every fifth subframe. The SSs occupy 62 resource elements in the centre of the allocated bandwidth. There are three PSS sequences and 504 different SSS sequences. In a synchronized network SSs will always collide with SSs from other cells. The cross-correlation property limits the reliable detection to around -9 dB. Due to the repetition, the cross-correlation peaks will not disappear with accumulation of correlation results over multiple frames. Hence it is not possible to reach the required -30 dB.  
The SINR for the neighbour cells signals can be improved by first subtracting the strongest signal (from the serving cell) before estimating the timing of neighbour cells. In order to subtract the strongest signal a channel estimate and knowledge of the transmitted sequence is needed. The SS sequence is known for the serving cell.  The gains can be expected to be highest close to the serving cell where the channel estimates can be made more accurately and the strength of the serving cell signal is typically higher relative to neighbour cells signals. 
Reference symbols are transmitted in every subframe and over the entire bandwidth. Different cells can use 6 different shifts in frequency and 504 different signals exist. In practice there is a three-reuse pattern for reference symbols (2 TX antennas assumed). In low load the interference could then be favourable for time measurements on RS. In high load, however, the situation becomes similar to PSS/SSS.  The reference signal sequences are repeated every subframe so the same crosscorrelation issues as with SSs appear. For example, for a 5 MHz system the number of RSs in a subframe is 200, meaning processing gain of 23dB and that the signal can be reliably detected down to around -14dB. 
To conclude, it appears challenging to use the existing synchronization signals as a basis for OTDOA positioning. Reference Signals could be a more viable option, especially in combination with SINR improvement methods like subtraction of the RS from the own serving cell. To reduce interference, one could further reserve some subframes.
3 Planned or unplanned reuse for E-IPDL

In [2] it was proposed to define a special E-IPDL subframe In this subframe only positioning specific signals E-IPDL RS, and possibly cell specific reference signals and control signaling, may be transmitted. An E-IPDL RS is not transmitted every subframe, but instead transmitted randomly with certain probability. When E-IPDL RS is not transmitted from the serving cell the UE can measure the neighbor cells without the presence of strong interference from the serving cell. 
In [2] unplanned reuse was applied. In this contribution we investigate the SINR distributions using planned and unplanned reuse. Three different scenarios are investigated, the same as outlined in section 2. Unplanned reuse has been simulated by using a 20% transmission probability in each cell. With planned 3-reuse, orthogonal resources for the three cells of the same site were assumed and the same reuse pattern has been applied for all sites. In this case, the transmission probability is set to 60%. The results are shown in Figures 4-6 for Urban dense, Urban and Rural environments, respectively. 7 degree electrical tilt was applied for Urban dense environment and zero tilt was applied for Urban and Rural environments. In each figure, SINR CDFs for five best sites are shown for the following two E-IPDL implementation options:

Mode 1 (own cell off): other cells of the same site may interfere when signals from other sites are being measured;
Mode 2 (own site off): no transmissions from neighbor cells of own site are allowed when measuring other-site signals.
From the presented results, we have made the following observations:

· Planned 3-reuse with 60% load gives a significant gain over unplanned reuse with 20% total load;
· The gain is significant both for cell-edge users and cell-center users, mainly due to reduced inter-site interference (the improvement, however, is more crucial for users that are typically located closer to the serving BS and experience weaker signals from other BSs);
· Mode 2 gives an incremental gain (larger for cell-center users, as expected), shifting CDFs by up to 1 dB, i.e. the interference coming from the back and side lobes is relatively insignificant compared to inter-site interference.
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Figure 4. SINR distributions for unplanned and planned reuse in E-IPDL subframe, dense urban area, 7 deg. el. tilt.
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Figure 5. SINR distributions for unplanned and planned reuse in E-IPDL subframe, urban area, no tilt.
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Figure 6. SINR distributions for unplanned and planned reuse in E-IPDL subframe, rural area, no tilt.
The effect of reducing the measured signals load with unplanned and planned reuse is demonstrated in Figure 7 for Urban dense environment. A free-time reduction is considered, i.e. the load is set to ~7% and 20% for unplanned and planned reuse, respectively. From the results, we observe that the relative gain achieved with the planned 3-reuse scheme over unplanned reuse increases with the lower load compared to what we have shown in Figure 4.
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Figure 7. SINR distributions for planned and unplanned reuse in IPDL subframe, urban dense area,7 deg. el. tilt.
The conclusion is that planned reuse (in this case 3-reuse) can improve the SINR greatly for the low percentile users.  The improvement is mainly due to the reduced inter-site interference. Intra-site interference in the studied environments has a significantly smaller impact on the measured signals and switching off transmissions in the entire site while measuring signals from other sites brings thus a small gain. 
The improved SINR could be utilized to reduce the amount of RBs allocated to positioning related data, and hence reduce data capacity loss. One possibility would be to use only say 6 RBs for all bandwidths. In this case the data capacity loss is minimized, while maintaining one single implementation and similar performance for all possible LTE bandwidths. The 6 RBs could e.g. be placed at the edges of the band, 3RBs at each edge, which could be beneficial for the time measurement accuracy. 
4 Conclusions and topics for future work
Based on the results and the discussion in this contribution, we propose that the positioning method should be OTDOA based, using RS measurement and further to reserve some subframes for positioning.
For further studies, we should study if sufficient positioning accuracy could be achieved with the use of existing RS, together with SINR improvements methods. If not, additional RS patterns could be studied. 
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