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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1 Scope

The purpose of the present document is to help the TSG RAN WG2 group to specify the changes to existing TS 25.305 and give guidance to the TSG RAN WG3 to specify changes to their specifications, needed for the introduction of the open SMLC-SRNC interface within the UTRAN to support UTRAN Rel'4 positioning methods.

Based on [1], the objective of this work item is to provide an evaluation of alternatives to extend the Iupc interface to support a standalone SMLC with support for all Rel. 4 positioning methods, i.e. Cell ID based-, OTDOA based- and A-GPS- positioning methods.
2 
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

[1] RP-010719
Work Item Description for an Open SMLC-SRNC Interface within the UTRAN to support UTRAN Rel'4 positioning methods
[2] 3GPP TS 25.305: "Stage 2 Functional Specification of Location Services in UTRAN".
[3] 3GPP TS25.453:
"UTRAN Iupc interface PCAP signalling".
3 Definitions, symbols and abbreviations

3.0 Definitions

For the purposes of the present document, the following terms and definitions apply.

Example: text used to clarify abstract rules by applying them literally.

3.1 Abbreviations
For the purposes of the present document, the following abbreviations apply:

A-GPS
Assisted GPS

GSM
Global System for Mobile Communications

DRNC
Drift RNC

FDD
Frequency Division Duplex

GPS
Global Positioning System

ID
Identity

IPDL
Idle Periods in DownLink

LCS
Location Services

LMU
Location Measurement Unit

OTDOA
Observed Time Difference Of Arrival

QoS
Quality of Service

RAN
Radio Access Network

RIT
Radio Interface Timing

RNC
Radio Network Controller

RTD 
Relative Time Difference

RTT
Round Trip Time

SAS
Stand-Alone SMLC

SMLC
Serving Mobile Location Centre

SRNC
Serving RNC

TDD
Time Division Duplex

TSG
Technical Specification Group

UE
User Equipment

UMTS
Universal Mobile Telecommunications System

UTRAN
UMTS Terrestrial Radio Access Network

WI
Work Item

4 
Introduction

The existing WI 'Open SMLC-SRNC Interface within the UTRAN to support A-GPS Positioning' was intended to specify an open Iupc Interface between standalone A-GPS SMLC and the SRNC to support A-GPS positioning method. This WI was finalized in TSG RAN #13 and all the appropriate technical specifications were agreed.

The scope of this Technical Report is to extend the Iupc interface to support all Rel'4 position methods and to study possibilities to enhance the standalone SMLC's UE position control functions. The intention is to use the defined A-GPS call flows/messages/protocols where applicable. 

5 
Requirements

5.0 Benefits of a Standalone SMLC

In Rel. 4, all of the positioning activities are centralised in the RNC. The LCS functional elements of the RNC will be called internal SMLC in the rest of this document. The following list outlines several advantages of having some or all of the positioning functionality in a separate standalone SMLC.

It has to be expected that RNCs with limited LCS support will be deployed in future networks. To provide operators with full-featured LCS support, deployment of a standalone SMLC with full support for all Rel. 4 positioning methods should be possible.

Network operators might also want to reuse their existing standalone SMLC equipment both for 2G and 3G systems. Furthermore, they might want to be able to reuse that same equipment for future wireless systems.

Additionally, there are several reasons that suggest the standardisation of a standalone SMLC with full support for Rel. 4 positioning methods:

· In situations where the RNC has to deal with very high system load, the RNC could decide to delegate UE positioning tasks to the standalone SMLC in order to relax the load on the RNC.

· As the SMLC and the RNC might come from different vendors, upgrades of the SMLC (including more sophisticated algorithms) are not depending on  RNC upgrades.

· The capacity of a standalone SMLC should be easily adjustable, independent of the capacity of the RNC.

Thus, the drivers for a full-featured standalone SMLC are in short:

· Capability of load balancing

· Extensibility of existing networks, both with new hardware and improved algorithms

· Reuse of existing equipment

· Modularity and easy capacity enhancement

5.1 General Requirements for the Standalone SMLC

In order to implement a standalone SMLC which offers support for all Rel.4 positioning methods, the functionality of the Iupc interface must be enhanced.

In order to support architectures, where the RNC does not have an intergrated SMLC, the standalone SMLC must be able to choose a suitable positioning method on its own.

To perform the position estimation, the standalone SMLC must be able to request the initiation of UE measurements for all Rel. 4 positioning methods.

To provide the UE with all the UE Positioning related information required to perform the requested measurement, the standalone SMLC needs timing information from the network. Thus, it must be able to query the RNC for Radio Interface Timing information. This RIT information might be present in the internal SMLC or might need to be requested from other SMLCs. Furthermore, it must be possible to request the initiation of LMU measurements.

The standalone SMLC must be able to calculate the position of a UE based on measurement data for any of the Rel. 4 positioning methods, i.e. Cell-ID based, OTDOA and A-GPS method.

Finally, whether a standalone SMLC is used or not needs to be transparent for the UE and shall only impact the RNCs  supporting the standalone SMLC.

5.2 Functional Split between SMLC and SRNC

The general requirements described above result in several criteria for the functional split between SMLC and SRNC. This section outlines the design choices.

5.2.0 Choosing the Positioning Method

In order to choose a suitable positioning method, the SMLC needs to have all necessary information like UE capabilities, LMU capabilities and requested accuracy. The UE capability and requested accuracy information should be provided to the SMLC in the initial request message. It shall also be possible to include additional information like RTT measurement results into this initial request message.

5.2.1 Requesting Measurements

As pointed out above, the SMLC needs to be able to request measurements from various sources, including UEs, LMUs, and NodeBs. Those measurement requests shall be forwarded by the RNC. This means that the RNC will have to provide routing capabilities for the UE, LMU, and NodeB measurement requests. 

It is essential that the RNC is always the master of the communication. This becomes clear on a scenario with both internal and standalone SMLC. Both SMLCs might request measurements from the same LMU. To avoid conflicts in the LMU, the RNC has to decide which of these requests has preference.

5.2.2 UE Positioning Related Information

Both internal and standalone SMLC shall be able to generate UE Positioning related information. However, for each positioning request it has to be clearly defined which one of the two nodes is responsible for generating the UE Positioning related information.

If the RNC requests the SMLC to choose the positioning method, this means that the SMLC controls all the required positioning steps – as long as this does not violate the overall mastering role of the RNC. The standalone SMLC shall also generate the UE Positioning related information for this particular positioning process.

If, however, the RNC selects the positioning method, it may choose to generate the UE Positioning related information itself or to request specific UE Positioning related information for this particular positioning process from the standalone SMLC using the already existing Information Exchange elementary procedure, which allows for providing UE Positioning related information for all Rel. 4 positioning methods. 

The standalone SMLC shall request from the RNC any missing data that is needed to assemble the UE Positioning related information(e.g. IPDL parameters) using a dedicated request procedure or the Measurement Request as described above.

The broadcast of UE Positioning related information is always initiated by the RNC. The UE Positioning related information may be generated by the internal SMLC or the RNC may request it from the standalone SMLC. The already existing Information Exchange elementary procedure serves this purpose.

5.2.3 Position Calculation

The RNC forwards measurement results to the SMLC. This may be in response to a measurement request issued previously by the standalone SMLC or together with an initial position calculation request.

The standalone SMLC calculates the UE’s position from the measurement data. If the result fulfills the QoS requirements, it shall be forwarded to the RNC. If the result does not fulfill the QoS requirement, the positioning process may be repeated with a different method. The decision whether to repeat the positioning method or not shall be taken by the same node that controlled the previously failed positioning process.

5.2.4 Special Requirements for the Different Positioning Methods

Support for all positioning methods should be optional within the standalone SMLC. However, for each supported positioning method, the functional split between standalone SMLC and RNC must be clearly defined. This enforces interoperability between any two implementations of the RNC and the standalone SMLC. The following text evaluates additional requirements for the different positioning methods which were not already described in the previous sections.

5.2.4.1 Cell-ID method

The standalone SMLC shall query the RNC for a UE’s Cell-ID, if it was not already forwarded at the time the RNC issued the positioning request towards the standalone SLMC. Additionally, the SMLC must be able to request RTT measurements.

Furthermore, the standalone SMLC shall be able to map the Cell-ID to geographic coordinates or a service area according to section 8.2 in [2]. 

5.2.4.2 OTDOA

The following table 5.1 lists the information that needs to be transferred to the UE for OTDOA measurements. It is based on table 9.1 in [2]. 

Table 5.1: Information to be transferred from UTRAN to UE ('Yes' = information required, 'No' = Information not required)

Information 
UE- assisted 
UE-based 

Intra frequency Cell Info (neighbour list)
Yes
Yes

Ciphering information for UE Positioning (see note)
No
Yes

Measurement control information (idle period locations)
Yes
Yes

Sectorisation of the neighbouring cells
No
Yes

Measurements results needed for RTD values for Cells mentioned at Intra frequency Cell Info
No
Yes

RTD accuracy
No
Yes

Measured roundtrip delay for primary serving cell
No
Yes

Geographical position of the primary serving cell
No
Yes

Relative neighbour cell geographical position
No
Yes

Accuracy range of the geographic position values
No
Yes

IPDL parameters
Yes
Yes

IPDL-Alpha parameter for Open Loop Power Control when using IPDLs in TDD
Yes
Yes

Maximum Power increase the UE may use when using IPDLs in TDD
Yes
Yes

NOTE:
The idea behind UE Positioning specific ciphering information is e.g. that the operator can sell information that the UE needs for calculating its position. For reference in the GSM world see [4].

This information is known by the RNC. In order to enable the standalone SMLC to generate OTDOA UE Positioning related information, these parameters need to be transferred to the standalone SMLC. This could either be accomplished by pushing the information to the standalone SMLC together with the Information Exchange Initiation function, or the standalone SMLC might request the information using a dedicated elementary procedure. The former case will apply, if the RNC chooses the positioning method and only requests UE Positioning related information from the standalone SMLC. The latter case will apply, if the standalone SMLC chooses the positioning method, because in this case, the standalone SMLC is responsible for preparing the UE Positioning related information.

5.2.4.3 A-GPS

The requirements for A-GPS are already defined in the current version of [2]. The only difference to [2] arises in the case that the standalone SMLC chooses the positioning method. In this case, the standalone SMLC will autonomously generate the UE Positioning related information that is to be included in the measurement request to the RNC. Otherwise, the RNC will have to request the UE Positioning related information from the standalone SMLC using the Information Exchange procedure.

5.3 Architectural Aspects

The introduction of a standalone SMLC with enhanced positioning capabilities demands several optimisations on architectural issues. This will be elaborated in the following sections.

5.3.0 Interworking of SMLC and LMU

In section 5.3, it has been pointed out that the RNC shall be the master of the LMU connections. It is the RNC’s responsibility to decide on inconsistency between LMU measurement requests from RNC and SMLC.

However, in case there is only a standalone SMLC and minimal LCS functionality inside the RNC, there is no need for the RNC to control the LMUs. All measurement requests will be issued from the standalone SMLCs. Thus, in fact the full control of the LMU measurement lies within the standalone SMLC. Hence, there is no reason anymore why the standalone SMLC should not have a direct link to the LMU.

However, defining a separate interface for standalone SMLC-LMU interaction would complicate the implementation of the standalone SMLC and the LMU. Therefore, to allow for both scenarios, the LMU control messages should be defined in a way that allows them to be routed either via the RNC or directly to the LMU. This could be accomplished by defining a dedicated LMU Control Module which contains all LMU related messages. Connections for those messages may then be configured to be established between standalone SMLC and RNC as well as between standalone SMLC and LMU.

5.3.1 Interworking of SMLCs

In the current specification of Iupc, there is no need for communication between standalone SMLCs. All the required information is either present in the standalone SMLC or passed to it by the RNC together with a request message. However, when the standalone SMLC’s responsibility is enhanced to control a positioning process – e.g. in the case where no internal SMLC is available inside the RNC – the SMLC will need to exchange radio interface timing information also with other SMLCs. 

Basically, there are two possibilities to enable inter-SMLC communication. First of all, the SMLC might request the RNC to acquire radio interface timing information from other SMLCs via the Iur interface. However, in a scenario without internal SMLCs, it is prefarable that the LCS logic inside the RNC is reduced to a minimum. Thus, a direct link between SMLCs would be another solution. This approach offers the advantage that it reduces the processing requirements inside the RNC and makes routing of the RIT information exchange messages between SMLCs more efficient. Instead of routing a RIT information exchange request over three hops (home RNC, remote RNC, remote SMLC), only one hop will be needed with a direct SMLC-SMLC link.

Again, defining a separate interface and Application Part for this inter-SMLC communication seems inappropriate. In contrast, the inter-SMLC related messages should be encapsulated in a dedicated Inter SMLC Module. Messages from this module may then be configured to be routed either to the RNC – which may forward them over the Iur – or directly to another standalone SMLC. This approach enables both backwards compatility and efficient resource usage for newly deployed systems.

5.3.2 Scalability Aspects

The current Iupc specification uses a 1:1 mapping between SRNC and standalone SMLC. However, the following considerations lead to the conclusion that this is not favourable when the standalone SMLC capabilities are extended. 

First of all, a UE may reside in a cell controlled by a DRNC when a position estimate of this UE is requested. This cell may be covered by a different standalone SMLC than the SMLC connected to the SRNC. In this case, it is beneficial to send the positioning request directly to the standalone SMLC that covers the UE’s current cell. Otherwise, the positioning messages would either have to be routed via Iur, which would raise the signalling load inside the RAN, or a relocation would have to be initiated. Consequently, an RNC shall be connected to more than one standalone SMLC.

Secondly, the capacity of an RNC and a connected standalone SMLC might diverge over time, e.g. while the RNC could be able to deal with a certain number of connections, the standalone SMLC might be too small to handle all the positioning request that arise out of these connections. Thus, it should be possible to add further standalone SMLCs to the network in order to enhance the capacity. Once again, this requires an RNC to be connected to more than one standalone SMLC.

Finally, the positioning area for one SMLC does not need to correspond to the geographic area of one RNC, so it should be possible to have one SMLC cover the areas of several RNCs. In this case, one standalone SMLC will be connected to more than one RNC.

Thus, an enhanced standalone SMLC requires the definition of a multipoint-to-multipoint interface between RNC and standalone SMLC. 
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