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Discussion and Decision
1. Introduction

The framework of OTDOA procedures and measurement methodologies [1] were agreed in RAN1-56bis. The principle of system configuration in supporting OTDOA was outline in [1].  The E-UTRAN would provide the assistance data in the physical cell ID of all cells in the candidate set and relative transmission timing of candidate cell to serving cell to the UE.  The positioning subframes in the serving cell should be configurable to minimize the interference to the UE performing location measurements.  Thus, the design of positioning subframe could be normal subframe with no data or MBSFN subframe with no data and/or RS in the data region.  It is the common understanding that the UE in a cell with positioning subframes can assume aligned, partially or non aligned positioning subframes from all cells as indicated in the assistance information.  The detail of the design intends to be finalized in RAN1-57.  
2. Positioning Subframe Configuration

The configuration of OTDOA positioning includes the triggering of positioning support, decision matrix of the cooperative set of neighboring cells, allocation of the positioning subframe, the transmission RS pattern in the positioning subframe, the candidate set of the neighboring cells for positioning measurement, the starting transmission time and the transmission interval from each neighboring cell for positioning measurement,  
Triggering of OTDOA Measurements for Positioning Support

The OTDOA measurements are triggered by location based applications, such as emergency service and location based advertising.  The core network will send the location request to the E-UTRAN for the UE positioning once it receives the location based applications.  Several LCS architecture alternatives have been investigated in [5].   The positioning procedure in the E-UTRAN is activated when the location request is received.  The E-UTRAN functions for UE Positioning provide the coordination, measurement and calculation functions needed for a position estimate.  The serving eNB would coordinate the starting time, transmission interval, and the ending time of the RS transmission with the cooperative neighboring cells once the positioning procedure is triggered.  The serving eNB would send the request to the UE for the OTDOA measurements with assistant information, such as neighboring cell ID, transmission time, and transmission interval.  
Decision Matrix of Cooperative Set of the Neighboring Cells for the UE OTDOA Measurements

The type of the cooperative set of the neighboring cells for the OTDOA measurements could be categorized in the following

· Cell specific or UE specific – For cell-specific, the list of neighboring cell for the UE OTDOA measurements would be the same regardless of UE location in the cell.  The advantage of cell-specific cooperative set is to reduce the control signaling communicating between the UE and the serving eNB.  The UE-specific cooperative set will have different neighboring cells for the OTDOA measurements depending on the UE location and measurement in the cell.  The UE-specific cooperative set maximize the hearability for each UE to improve the accuracy of location estimation.  The cooperative set could be preconfigured based on the UE location, the measurement event from the UE, or both.
· Dynamic or static -. The cooperative set should be dynamic configured if it is UE specific because of the UE mobility. The cooperative set would be static when it is designed to have cell-specific configuration.  However, the UE-specific cooperative set could be set to static to minimize the control signaling overhead.
The control signaling of coordination for the UE OTDOA measurements depends on the configuration of the cooperative set of neighboring cells. The serving eNB needs to provide the cooperative set configuration to the neighboring cells and the target UE for the OTDOA measurement through control signaling.  It is also agreed in [1] that the cooperative set could be different than the candidate set for handover.  Thus, the decision matrix of the cooperative set depends on the set is UE/cell specific or dynamic/static configurable.  
Positioning Subframe Allocation
The allocation of positioning subframe has been agreed using either normal or MBSFN subframe. The configuration of positioning subframe in the serving cell intends to turn off the data transmission in the normal subframe or to turn off data or/and no RS transmission in the MBSFN subframe.  The configuration without data or/and RS transmission is to minimize the interference to the measurement of neighboring cell RS signals.  The considerations in the choice of position subframe are in the following,
· Received neighboring RS quality for positioning - The received SNR of neighboring RS is the key of accurate OTDOA estimation.  Since the RS defines the DL coverage area, the received signal from neighboring RS defines the level of interference from the neighboring cells.  Even with the design of no data transmission from the serving cell to improve the hearability, the propagation loss of the RS from the neighboring cells is still large to avoid the inter-cell interference.  Thus, it is expected that the received SNR of the neighboring RS, either Cell-specific RS or special position support RS (PS-RS), would be very low in most of area.  In order to have the desired SNR of received signaling from neighboring RS, the UE needs to accumulate multiple subframe received RS signals to improve the accuracy in time difference of arrival estimation. An example of multiple subframes accumulation to increase the level of accuracy using pilot phase based algorithm for OTDOA measurement has been shown in [2].  The normal subframe as the position subframe offers the flexibility for multiple subframe RS transmission to improve the accuracy of OTDOA measurements.  The MBSFN subframe does not have the freedom to configure the needed multiple subframe in short period of time. 
· Location services - The positioning services include event-trigger services (e.g. emergency service E-911 call) or broadcast/multicast type services (e.g. location-based advertising).   For the event-trigger services, the E-UTRAN receives immediate location request from the core network.  It is required to get the accurate positioning report within a short interval.  It would be a challenge to configure MBSFN as the positioning subframe to get the demanded accuracy level of location estimation in short time interval.  For the broadcast/multicast service type location service, the E-UTRAN receives deferred location request from the core network. It would be another challenge to configure MBSFN subframes as the positioning subframes and multicast/broadcast subframes for location base  Moreover, the MBSFN subframes have been used for other technologies, such as Type I relay in LTE-A.  . 
· RS BW for OTDOA Estimation - The bandwidth of the RS is another consideration in the UE OTDOA measurement.  The larger bandwidth of the RS transmission from the neighboring cells would provide higher resolution in the estimate of time difference of arrival.  However, the larger the bandwidth configured for RS transmission, the larger the overhead is.  The bandwidth of configuring the MBSFN subframe as the positioning subframe is the whole system BW for the serving cell and every neighboring cell in the cooperative set.  The E-UTRAN could configure the RS bandwidth for the OTDOA measurement if the normal subframe is used as the positioning subframe.   This would allow the serving eNodeB to dynamic configure the RS bandwidth, including the full BW, if the normal subframe is used as positioning subframe.  

· Frequency of configuring the positioning subframes – The number of positioning subframes should be flexible because the desired time to achieve the location estimation is different for the immediate location request or deferred location request from the core network. In addition, the transmission interval and the number of positioning subframes for energy accumulation depends on the type of positioning servers and the algorithm used for time difference of arrival estimation.  The use of MBSFN subframe as the positioning subframe offer limit flexibility associated with different types of services.    
· Backward compatible to support Rel-8 UE - The use of normal subframe with coordinated scheduling scheme would not have any impact to the Rel-8 UE since it is transparent.  The use of MBSFN subframe would have certain degree of impact when the system would configure MBSFN subframes for broadcast/multicast service as well as OTDOA measurements. 
In summary, the normal subframe has the flexibility of positioning subframes configuration, such as RS bandwidth, transmission time, transmission interval, or resource allocation.  The normal subframe could be configured similar to the positioning subframe by MBSFN subframe with flexible control through dedicated RRC signaling and X2 C-plane signaling.  Since the control signaling is required to coordinate the transmission from neighboring cells in the cooperative set, the configuration of position cell could be addressed in the same time.  Thus, only additional information element in the control signaling through X2 interference to coordinate the DL scheduling to configure the certain BW, periodicity, and length of OTDOA measurements when the normal subframe is used for positioning subframe. This X2 message could be designed as event trigger for emergency service or periodical for location base advertising for each cell.  This will minimize the radio resource overhead required to support positioning service.    

Configuring MBSFN subframe for OTDOA measurements might waste most of subframes for no use since emergency call is very infrequent.  The location based advertising requires the broadcast/multicast information from MBSFN subframes.  It will collide with the configured MBSFN subframe for OTDOA measurement.  The other issue of using MBSFN subframe as the location subframe is the whole BW in the MBSFN subframe.  The OTDOA method is one of three positioning technologies, which also include enhanced cell-ID and A-GNSS/A-GPS.  The primary location technology for location based services is still A-GNSS/A-GPS since it provides the best accuracy and meets the US FCC requirements for emergency call.  The OTDOA is the technology to complement the A-GNSS/A-GPS technologies when the hearability of GNSS/GPS satellites are limited in certain environments, such as indoor, tunnel, etc.  If the MBSFN subframe is used for OTDOA technologies, it needs to be configured for every cell.  Most cells might not require OTDOA method if A-GNSS/A-GPS is available at the time.  

    
RS type in Positioning Subframe

        The RS used for OTDOA measurement considers the cell-specific RS (CRS) or the Positioning Support RS (PS-RS). The considerations of the RS design for positioning service are as follows,  

· RS location at frequency domain – The CRS location is at fixed location at frequency domain for all cells.  If all eNodeB are synchronized, the CRS from all cells are aligned. Using CRS as positioning RS for all cells in the cooperative set need manipulation in transmission time to improve the hearability.  If the cell is configured for multi-antenna transmission mode, the CRS for positioning RS of neighboring cells would transmit from all antennas.  This will degrade the performance of time difference of arrival estimation.  The PS-RS is design to have one transmitting antenna and RS pattern interlace for all cells in the cooperative set.  The PS-RS design targets to optimize the accuracy in the estimation of time difference of arrival.  
· RS transmission power – Since the CRS is used to define the cell coverage and as the reference signal of the RSRP, RSRQ, CQI, PMI, and RI measurements, the transmitted power could not be changed.  The PS-RS pattern has some resource element transmitted and other not transmitted within a symbol.  This allows the power boosting of the transmitted PS-RS resource element and improve the hearability.  
· Interference between RS from neighboring cells – The hearability has the strong dependency on the interference control of the positioning RS when it transmits from the neighboring cells in the cooperative set.  The primary interference sources of OTDOA measurement are the transmission in the serving cell and positioning RS from other cells.  The use of normal subframe as positioning subframe without PDSCH transmission or MBSFN subframe with/without RS is to remove the interference from the serving cell.  Since the CRS position is the same in the subframe, the only way to remove the interference from the serving cell is by shifting the starting of neighboring subframe one or two symbols to minimize the interference.  This strategy would allow at most two neighboring cells to have minimal interference using the CRS as the positioning RS.  The design of PS-RS has the intension of interlace pattern between neighboring cells to minimize the interference from the serving cell and other neighboring cells.  
In summary, it is desired to have PS-RS as the positioning RS.  The design of PS-RS should be orthogonal among neighboring cells to minimize the interference in the OTDOA measurements.  The design of orthogonal sequences could be in TDM, FDM, CDM or hybrid.  The PS-RS sequence should have orthogonal property in the frequency selected fading channel for both narrowband and wideband.  The sequence should have another property to derive the channel impulse response.  One of the possible candidates of the PS-RS sequence design with the property is the CAZAC sequence.
Conclusion

This contribution addresses the system configuration for OTDOA measurements. The conclusion of the system analysis is as follows,

· The normal subframe should be used as the positioning subframe

· PS-RS should be used as the positioning RS

· The cooperative set of neighboring cells for OTDOA measurement should be dynamic for each UE.

· The bandwidth, resource allocation, starting transmission time, transmission time interval, and ending time of transmission of PS-RS should be configured through higher layer signaling and RRM coordination.
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