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1. Introduction
In the RAN-42, the working items of the LTE positioning service and Support for IMS Emergency Calls over LTE were agreed in [1] and [2], respectively.  The objectives of LTE positioning service in [1] were agreed in supporting the following positioning capabilities and features in association with LTE access.
· A positioning protocol or protocols compatible with and enabling support for both the control plane LCS solution for EPS and OMA SUPL
· UE assisted and UE based A-GNSS
· A downlink terrestrial positioning method, analogous to E-OTD, OTDOA and AFLT, capable of operating in UE assisted and UE based modes (note that a single downlink method will be defined

· Enhanced cell ID measurements coming from the UE and/or eNode B
The positioning method of UE assisted A-GNSS or A-GPS provides the most accurate estimation of the UE position.  However, the A-GNSS/A-GPS method is required to be covered by at least 4 satellites.  The A-GNSS/A-GPS solution is particular limited by number of satellites indoor.  The compromising terrestrial positioning methods or rough estimate from cell ID are used for those UEs, who could not apply A-GNSS/A-GPS method due to limited satellite coverage indoor.  The OTDOA positioning method had been specified for the positioning in UTRA [3]. The primary function to enable the OTDOA working properly is enable the measurement of the timing from at least three receiving signals.  For DL OTDOA, the UE is required to measure the timing difference between DL transmissions from 3 different cells.  Receiving DL transmissions from three cells are particular challenge.  Thus, the IPDL method had been defined for OTDOA positioning in UTRA. It is important to have the methodology in LTE for DL-OTDOA.
2. Increasing the neighboring cell hearability for DL OTDOA Solution for the Positioning Service  

Location based services needs the measurements the computing the UE position, The principle of the distance computation is from the propagation delay of the received signals.  The hearability is that the UE near its serving eNode B cannot hear other eNode Bs on the same frequency.  In order to calculate its position, the UE should be able to receive at least three eNode Bs as shown in Figure 1.  The time-difference-of-arrival (TDOA) from the neighboring cells are measured since the reference clock at the UE receiver is based on the timing of the receiving subframe in the current serving cell. In order to facilitate the uncertainty of the TDOA measurements, the relative time difference between eNode B’s transmissions must be measured and used for correcting OTDOA measurement.  The measurements of the relative time difference between eNode Bs could be achieved through the E-UTRA synchronization procedure.  
The primary consideration of TDOA measurement is that the UE measures the arrival of the neighboring cells, which is referred as the hearability.  The factor of the hearability is the received signal qualities from the neighboring cells.  The transmissions from the neighboring cells are considered as the interference of the communication and as the target of minimization in the LTE system design.  Increasing the hearability from the neighboring cells for positioning service would against the principle of the LTE system design, which targets to minimize the interference from the neighboring cells.  The hearability problem would be expected if the UE uses the current LTE common signals, such as common RS or PSS/SSS, from the neighboring cells as the measure objects.  
-
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Figure 1: DL TDOA for UE positioning
2.1 Improving the Hearability by Event-Triggered Joint Scheduling

The hearability could be improved if the interference source of the TDOA measurement from neighboring cells could be minimized, which is equivalent to improve the received SNR of the measured objects from neighboring cells.  The primary source of the interference for the TDOA measurement is the transmitted signals of the serving cell.  The received SNR of the TDOA measurement is improved if the serving cell could turn off the DL Tx at the measured sub-band in LTE.  This could be achieved through joint scheduling, which the same RBs are allocated among the serving cell and neighboring cells. Once the RBs are jointly allocated, the serving cell could mute its transmission to allow the UE clear measurement of the TDOA from neighboring cells.  The hearability problem is reduced with the event-triggered joint scheduling.  Several aspects in the LTE system design are critical to the improving the hearability by event-triggered joint scheduling in the following
· eNode B synchronization – If the eNode Bs are synchronized, the TDOA measurement is simply the timing offset estimation of received neighboring signals relative to the symbol timing of the serving cell at the UE.  The UE could reuse the similar algorithm of the timing offset estimation for the TDOA measurement. The accuracy requirement of the eNode B synchronization would link to the accuracy requirement for the location service using TDOA.  If the eNode Bs are not synchronized, the UE needs to measure the SFN-SFN observed time difference between the serving cell and neighboring cells.  The measurement of the SFN-SFN observed time difference requires the UE to perform the following procedures.

1. Search the neighboring cell Physical Cell ID from their PSS/SSS, 

2. Derive the neighboring cell physical channel response from their common RS, 

3. Decode the neighboring cell PBCH to get the SFN.

The measurement of the SFN-SFN observed time difference creates another hearability problem in order to achieve the aforementioned procedures.  This is not a preferred solution.
· Procedures for event-triggered joint scheduling to improve the positioning service hearability – The TDOA measurements are triggered when positioning services, such as location based services and IMS emergency call over LTE [2], are requested.  Once the TDOA measurement is triggered, the UE needs to report the list of neighboring cells to its serving cell.  The serving cell radio resource management (RRM) function communication with the RRM functions of the neighboring cells to coordinate the allocation of RBs, transmission time, and transmission interval through X2 interface.  The joint resource allocation would allow the serving cell to minimize the interference for TDOA measurements from the neighboring cell.  

· Resource allocation for the joint scheduling - The capacity loss should be minimized for supporting the LTE positioning service.  The overhead of radio resource allocation for the joint scheduling should be minimized.  The number of the RBs jointly allocated for the TDOA measurements of positioning service among the serving cell and target neighboring cells should be minimized.  Since the TDOA measurement intends to estimate the timing offset information from the neighboring cells, it is believed that one RB joint allocation among the cells should be sufficient for the TDOA measurement.  
· Neighboring Cell Reference Signals for the TDOA measures – The transmitted reference signals from the neighboring cells should be a known pattern in order to correctly estimate the timing offset information.  The candidate of the reference signals from the neighboring cells are the PSS/SSS, Common RS, and UE-Specific RS.  The PSS/SSS and Common RS have the advantage of availability all the time from the neighboring cells and do not require jointly resource allocation.  However, the interference from the serving cells is very strong since the PSS/SSS or Common RS needs to transmit continuously at the serving cells.  It is difficult to shut down the serving cell PSS/SSS or Common RS in order to improve the hearability for the TDOA measurement of neighboring PSS/SSS or Common RS.  The joint resource allocation with the use of UE-specific RS in the joint scheduling would allow the serving cell shut down the transmission of its UE-specific RS.  This will allow the UE to perform the TDOA measurement from neighboring cell UE-specific RS with minimum interference.  This would improve the DL TDOA hearability.  
2.2 LCS-RS design for TDOA measurement in the Joint Scheduling Scheme
The joint scheduling along with the use of UE-specific RS would improve the UE hearability for the TDOA measurement.  It limits to one TDOA measurement from one of the neighboring cells if the LTE system is synchronized and frame aligned since the physical resource mapping of the UE-specific reference signals defined in [4] are the same for all neighboring cells.  If it is desired to have multiple TDOA measurements from all neighboring cells in the same resource block in the joint scheduling, it needs to have frame offset at the unit of OFDM symbol to interlace the UE-specific RS at different symbol time from different cells. This will allow up to 3 cells of TDOA measurements with the frame offset among neighboring cells. However, it is still not efficient since those non-UE-specific RS subcarriers are not used at all.  
This paper introduces a special location service reference signal (LCS-RS) for the TDOA measurements when joint resource allocations among the serving cell and neighboring cells.  An example of the LCS-RS design for two Tx antenna is shown in Figure 2.  One common RB number N among serving cell and neighboring cell 1 () and 2 () are allocated for the UE TDOA measurements.  The LCS-RS maps to the data subcarriers with green subcarriers in Figure 2 for neighboring cell 1 and red subcarriers in Figure 2 for neighboring cell 2.  The blue subcarriers in Figure 2 are the physical resource of the Common RS of the serving cell.  The mapping of alternative subcarriers in the frequency domain for each neighboring cell allows the power boosting of the LCS-RS from to increase the hearability.  The continuous LCS-RS subcarrier design would allow the UE to accumulate the energy received from LCS-RS subcarriers, which is equivalent to the processing gain to increase the received SNR of TDOA measurement. The LCS-RS design also maximizes the utilization of subcarriers within a given RB. The alternative LCS-RS design in Figure 2 would allow the UE to measure the TDOA from both neighboring cells at the same time.  This design would minimize the capacity loss due to the overhead and maximize the hearability. 
If the UE reports more than two neighboring cells for TDOA measurement, the LCS-RS pattern could have large interlace distance for each neighboring cells.  Figure 3 shows an example of LCS-RS pattern of cell 1 for three neighboring cells with 2 Tx antenna case.  Alternative pattern for cell 2 and 3 could be applied to provide a set of orthogonal LCS-RS pattern for TDOA measurements.  The proposed LCS-RS pattern with joint resource allocation among serving and neighboring cells could be used for up to 6 neighboring cells case within one RB.  If more than 6 neighboring cells are desired to measure the TDOA, more than one RBs could be jointly allocated.  
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Figure 2: Examples of LCS-RS pattern for two neighboring cells with 2 Tx antenna case
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Figure 3: An example of LCS-RS pattern for cell 1 out of three neighboring cells with Tx antenna case
3. Conclusion
This paper analyzes the method of improving the hearability of DL TDOA measurements for positioning service.  The dedicated reference signals with dedicated RB are proposed for the DL TDOA measurement instead of common RS or PSS/SSS to increase the hearability through joint scheduling.  The dedicated resource allocation proposal allows the system to shut down the transmission from its serving cell for interference reduction of the neighboring cell TDOA measurement. The joint scheduling scheme coordinate the allocation of the RB, transmission time, and transmission interval among the serving cell and neighboring cells for the TDOA measurement.  The UE-specific RS or the proposed LCS-RS could be used as the dedicated reference signals for positioning services.  The LCS-RS design provides the benefit of maximizing the resource utilization and hearability with minimizing the capacity loss due the dedicated reference signals overhead.
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LCS-RS for Cell 1 with 3 Neighboring Cells
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