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1 Introduction

In RAN#75[1], a new work item on “UE Positioning Accuracy Enhancements for LTE” was agreed [1]. One major objective of this WID is to support broadcasting of OTDOA assistance data. The related objectives are shown as follows.

· Specify the signalling and procedure to support UE-based OTDOA positioning [RAN2]

· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 

· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys.
In this paper, we will discuss the OTDOA positioning procedure and broadcasting of assistance data.
2 Discussion
2.1 UE-assisted OTDOA positioning 
In LTE, only UE-assisted (E-SMLC-based) downlink positioning is supported over LPP [2]. So for OTDOA, only UE-assisted OTDOA is supported. UE-assisted OTDOA positioning means the UE performs OTDOA positioning and sends the measurements to the E-SMLC where the position calculation takes place. There are mainly 1 LPPa procedure and 3 LPP procedures used to support UE-assisted OTDOA positioning, i.e. OTDOA Information Exchange procedure, Capability Transfer procedure, Assistance Data Delivery procedure, and Location Information Delivery procedure as shown in Fig.1. 
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Fig.1 General LPP procedures on OTDOA

We have known that the assistance data delivery is supported only via unicast transport from the E-SMLC to the UE in LTE. For UE-assisted OTDOA, the assistance data is almost static and don’t vary frequently in one cell, so the E-SMLC may send the common assistance data to a single UE many times. Thus, besides UE-based OTDOA, broadcasting of assistance data would be also more efficient than unicast delivery for UE-assisted OTDOA positioning.
Proposal 1: Broadcasting of assistance data is supported for UE-assisted OTDOA positioning.

2.2 unicast UE-based OTDOA positioning 
In RAN#75, the UE-based OTDOA positioning is agreed to be supported. It means the UE performs the OTDOA positioning measurements and computes its own location. To support the UE-based OTDOA positioning, the following procedures and signallings are needed.

· OTDOA Information Exchange Procedure (LPPa)

The purpose of the OTDOA Information Exchange procedure is to allow the E-SMLC to request the eNB to transfer OTDOA information to the E-SMLC.
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Fig.2 OTDOA Information Exchange procedure, successful operation Fig.2a OTDOA Information Exchange procedure, unsuccessful operation
· Capability Transfer Procedure (LPP)
The purpose of the Capability Transfer procedure is to provide UE capability to support OTDOA to the location server.
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Fig.3 LPP Capability Transfer procedure         Fig.3a LPP Capability Indication procedure(unsolicited transfer)
· Assistance Data Transfer Procedure(LPP)
The purpose of the Assistance Data Transfer procedure is to provide assistance data to enable UE-based downlink OTDOA. In case some eNBs cannot support broadcasting of assistance data or some additional information is needed, the unicast assistance data over LPP should be supported.
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Fig.4 LPP E SMLC-initiated Assistance Data Delivery Procedure   Fig.4a UE-initiated Assistance Data Transfer Procedure
· Location Information Transfer Procedure(LPP)
The purpose of the Location Information Transfer procedure is to send the location result from the UE to the E-SMLC to support UE-based downlink OTDOA. Compared to UE-assisted OTDOA positioning, the main difference is that when the E-SMLC request the location information, the UE just reports the location result instead of the measurement report. While when the location request comes from the UE, the UE does not need to report to the E-SMLC.
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Fig.5 LPP E-SMLC-initiated Location Information Transfer Procedure.  Fig.5a UE-initiated Location Information Delivery Procedure.
Proposal 2: OTDOA Information Exchange Procedure, Capability Transfer Procedure, Assistance Data Transfer Procedure and Location Information Transfer procedure are reused to support UE-based OTDOA positioning.
2.3Broadcasting of OTDOA positioning 
As agreed in RAN#75, a new SIB is introduced to support signalling of positioning assistance information for UE-based OTDOA assistance information. If proposal 1 is agreed, broadcasting of assistance data is also supported for UE-assisted OTDOA positioning. Thus a new LPPa message should be introduced between the UE and the E-SMLC to transmit assistance data for UE-based OTDOA and UE-assisted OTDOA. 
Proposal 3: A new LPPa message is introduced to transmit assistance data from the E-SMLC to the eNB for OTDOA.
Since UE-based OTDOA is already supported in UMTS[3], it is a reference guide in introducing them in LTE. The assistance data of UE-based OTDOA includes additional information in comparison with UE-assisted OTDOA. For reference cell, the additional assistance data are cell position and Round Trip Time. For neighbour cell, the additional assistance data are cell position, fine cell timing and Round Trip Time. To support UE-based OTDOA, it is reasonable to add these additional assistance data in the LPPa message and broadcasted by the eNB.
Proposal 4: In addition to the configuration of PRS, the Cell position, fine cell timing and Round Trip Time need to be included to support UE-based OTDOA.
In LTE, the assistance data mainly involves the PRS related configuration information of reference cell and neighbour cells. Generally, the assistance data of around 10 neighbor cells can meet the OTDOA positioning requirement. And a very quick estimate indicates the message size of the necessary assistance data of a cell is around 20 bytes. Thus, considering the maximum size of a SIB is 277bytes in LTE [4], it is assumed that two SIBs are enough for broadcasting UE-assisted and UE-based OTDOA assistance data.
Proposal 5: 2 SIBs are used for broadcasting OTDOA assistance data.
In UMTS, the broadcasting of assistance data can be ciphered for UE-based OTDOA, while UE-assisted assistance data is broadcasted unciphered, so it is two separate SIBs for broadcasting OTDOA assistance data.
In LTE, if we introduce both UE-assisted assistance data and UE-based assistance data in system information, there are two options can be used.

Option 1: Define two separate SIBs for UE-assisted and UE-based OTDOA assistance data.

Option 2: One SIB is used to include the PRS configuration for UE-based and UE-assisted OTDOA, and another SIB contains the additional assistance data for UE-based OTDOA.
For option 1, UE-assisted and UE-based OTDOA assistance data are included in separate SIBs, it is flexible to cipher the SIB contains the UE-based assistance data. However the PRS configuration in reference cell and neighbour cell will be transmitted in two SIBs, which is redundant from view of system.
For Option 2, if the reference cell and neighbour cells is same as the UE-assisted assistance data, one SIB is enough to include the information, and the additional information (Cell position, fine cell timing and Round Trip Time) and the cipher information for UE-based assistance data can be included in another SIB. When the UE wants to require the UE-based assistance data, the UE needs to read the PRS configuration contained in one SIB, and read the additional assistance data in another SIB. By this design, it will reduce the signalling overhead of system information. 
Proposal 6: RAN2 to discuss and select from the following 2 options to support the broadcasting of OTDOA assistance data.
· Option 1: Introduce two separate SIBs for UE-assisted and UE-based OTDOA assistance data.

· Option 2: One SIB is used to include the PRS configuration for UE-based and UE-assisted OTDOA, and another SIB contains the additional assistance data for UE-based OTDOA.
3 Conclusion

In this contribution, OTDOA positioning procedure and broadcasting of assistance data are discussed, and some proposals are listed as following. 
Proposal 1: Broadcasting of assistance data is supported for UE-assisted OTDOA positioning.

Proposal 2: OTDOA Information Exchange Procedure, Capability Transfer Procedure, Assistance Data Transfer Procedure and Location Information Transfer procedure are reused to support UE-based OTDOA positioning.
Proposal 3: A new LPPa message is introduced to transmit assistance data from the E-SMLC to the eNB for OTDOA.
Proposal 4: In addition to the configuration of PRS, the Cell position, fine cell timing and Round Trip Time need to be included to support UE-based OTDOA.
Proposal 5: 2 SIBs are used for broadcasting OTDOA assistance data.
Proposal 6: RAN2 to discuss and select from the following 2 options to support the broadcasting of OTDOA assistance data.

· Option 1: Introduce two separate SIBs for UE-assisted and UE-based OTDOA assistance data.

· Option 2: One SIB is used to include the PRS configuration for UE-based and UE-assisted OTDOA, and another SIB contains the additional assistance data for UE-based OTDOA.
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