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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.

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".
2 Definitions, symbols and abbreviations

2.0 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.

2.1 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


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. 

3 
Requirements

3.0 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 (SAS).

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

3.1 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. The following list contains an overview of all relevant steps during a positioning process:

· Choice of the positioning method. The choice of the positioning method depends on the methods supported by the SMLC, the requirements of the specific alforithms as well as the UE and LMU capabilities and the QoS requirements.

· Acquisition of measurement data. To perform the position calculation, the standalone SMLC must be provided with UE measurement results. This information may either be pushed by the RNC or may be requested case by case by the standalone SMLC.

· Provision of UE Positioning related information. The kind of UE Positioning related information that needs to be provided to the UE depends on the chosen positioning method. To be able to generate UE Positioning related information, access to network RIT information is required.

· Position Calculation. The position calculation is based on measurement data and network information. Support for any of the Rel. 4 positioning methods, i.e. Cell-ID based, OTDOA and A-GPS method shall be possible over Iupc.

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.

3.2 Functional Split between SMLC and SRNC

The previous section has identified the basic steps in the process of determining the position of a UE. The question is now, which entity shall be responsible for each of these steps. This section evaluates the benefits and drawbacks of having each of the functions in either RNC or SMLC.

3.2.0 Position Calculation

The current version of TR 25.305 is already prepared for implementing the functionality of calculating the position for all Rel. 4 positioning methods in the SAS. However, in the light of a full featured SAS, it must be clearly defined how the Position Calculation function is triggered. The design of the Iupc interface should be flexible enough to deal with networks where:

a) only the SAS has a position calculation function

b) both SAS and internal SMLC have a position calculation

Naturally, when the RNC forwards a positioning request to the SAS and thereby hands over control of that particular request, it must be the SAS that initiates the calculation. On the other hand, if the internal SMLC remains in control of the positioning process, it may choose to calculate the position by itself, or still let the SAS calculate the position, but in both cases, the internal SMLC initiates the calculation. 

In order to be able to calculate the position, the SAS needs to be provided with all relevant measurement data (see below). 

3.2.1 Choosing the Positioning Method

It is critical for the rest of the positioning process which entity chooses the positioning process. The location of this functional entity determines to a great deal where the other functional entities have to be located (cf. relevant sections). 

Letting the SAS choose the positioning method is especially beneficial in networks that are controlled by RNC’s without an internal SMLC, because the remaining LCS logic inside the RNC can be minimised while still maintaining full UE positioning support via the Iupc interface. If the RNC would choose the positioning method even in this case, it would need all the information about the positioning methods supported by the SAS. If the SAS is updated – e.g. due to added support for new methods or due to evolution of more sophisticated algorithms – the RNC will have to be updated as well.

But even if the RNC has an internal SMLC, it may still be beneficial to let the SAS choose the positioning methods. One reason for this is load balancing. If the RNC is heavily loaded, it can decide to forward the whole positioning process to the SAS so that the RNC acts only as a router for positioning related traffic, but does not need to perform complex calculations.

The only drawback of enabling the SAS to choose a proper positioning method is that it needs to be supplied with all relevant parameters like, UE capabilities, LMU capabilities, and QoS requirements.  This, however, can be achieved with little overhead by adding this information in the initial service request to the SAS.

This information can further be used to decide immediately after the calculation of the position, if the result satisfies the QoS requirements of the request, instead of first forwarding the calculation result to the RNC which would have to compare it to the QoS parameters. If the result does not fulfill the QoS requirement, the SAS could immediately choose a new positioning method for ongoing positioning attempts. Naturally, if the SAS did not choose the positioning method for the initial positioning attempt, this should also be true for consecutive attempts. Put in other words, the same entity that was responsible for the first positioning attempt for a particular positioning request shall remain in control of the process until either a result satisfying the QoS requirements is reached, or the failure of this positioning request is decided. 

In order to make the positioning process more efficient, the RNC could also include RTT measurements already in the initial request message. The position that can be calculated from these RTT measurements could e.g. already satisfy the QoS requirements for this particular positioning request.

3.2.2 Requesting Measurements

In order to assure a proper and efficient position calculation, the SAS needs access to all relevant measurement results from the UE as well as from LMUs and NodeBs. Basically, there are two possibilities to provide the SAS with this information:

a) The RNC decides and initiates the measurements and forwards the results to the SAS. For this, the standalone SMLC must inform the RNC about the chosen positioning method. The RNC must then evaluate which measurement data is needed for this positioning method and initiate the measurements inside the UE, the NodeB, and the LMU. Thus, detailed information about the requirements for each supported positioning method is needed inside the RNC. This has the same drawbacks as described in the previous section.

b) The SAS requests the RNC to initiate the measurements. The SAS has exact knowledge of the requirements of it’s algorithms and thus knows what measurement data is needed for the respective positioning method. Separating this task in the SAS furthermore eases the adoption of more sophisticated algorithms and future enhancements. 

In order to provide the SAS with the ability to request the initiation of measurements from the RNC, the Iupc interface has to be extended with according messages. However, since Iur and Iub already support the request of UE, LMU, and NodeB measurements, large parts of the functionality can be reused in Iupc. This has the further advantage that the RNC only needs to route the messages received from the SAS to the respective recipients and does not need to perform any additional computation or conversion.

Naturally, the RNC must remain 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.

The Iupc interface should be designed in a way flexible enough to allow reducing the LCS logic inside the RNC as far as possible, in case the RNC vendor chooses not to offer SMLC functionality. If the measurement request messages are designed in a way closely related to their Iub and Iur counterparts, it may even be possible to forward these messages directly to the LMU or other SMLCs, respectively, instead of having the RNC route these messages to those entities. 

After soft-handovers, it might easily occur that the UE, which position is to be determined, is in an DRNC area that is covered by a different SAS than the SRNC’s area. To make positioning more efficient, Iupc should be designed flexible enough to allow a direct communication of the SRNC with the SAS that covers the UE’s current area. 

3.2.3 UE Positioning Related Information

The current version of TR25.305 already contains the possibility to let the SAS generate UE Positioning related information for all Rel. 4 positioning methods. The current definition of Iupc puts the responsibility to decide on the delivery of UE Positioning related information inside the RNC. 

However, whether to put that function inside the SMLC or RNC depends very much on the responsibility of choosing the positioning method. If the choice of the positioning method is taken inside the RNC, then the RNC should, naturally, stay in control of the whole positioning process. Therefore, either the UE Positioning related information should be generated by itself or it should be requested from the SAS. This can be accomplished with the already existing Information Exchange procedure, which allows for providing UE Positioning related information for all Rel. 4 positioning methods.

On the other hand, if the SAS chooses the positioning method, it should also decide which UE Positioning related information is necessary for the positioning method and generate it autonomously. Otherwise, the SAS would have to inform the RNC about the chosen positioning method. After the RNC has decided on which UE Positioning related information is needed in the particular positioning process, it will have to query the SAS for the information. Thus, placing the decision about UE Positioning related information inside the SAS saves this additional overhead.

Furthermore, the RNC might come without an internal SMLC. But, if it would need to decide on UE Positioning related information, it would need to have detailed information about the requirements for the chosen method and request the generation of UE Positioning related data from the SAS. Thus, the RNC would need decision logic which could be avoided by placing the decision on UE Positioning related information inside the SAS.

It may occur that the SAS is missing some information for the generation of the UE Positioning related information. In that case, it must be possiblt to request from the RNC any missing data (e.g. IPDL parameters) using a dedicated request procedure or the Measurement Request as described above.

Finally, the responsibility for broadcasting UE Positioning related information must remain on the RNC’s side. 

3.2.4 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.

3.2.4.1 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]. 

3.2.4.2 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 should be responsible for preparing the UE Positioning related information.

3.2.4.3 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.

3.2.5 Conclusion

It has been shown that a full featured SAS has several benefits. An evaluation of several steps during a positioning process has revealed that two approaches should be taken into account in the design of the Iupc interface.

Firstly, for networks that don’t have internal SMLC support in their RNCs, it is desirable to minimise the LCS logic inside the RNC. Thus, control of the positioning process should be handed over to the SAS. Therefore, it needs to be provided with the UE and LMU capabilities as well as the QoS requirements of a request. With this information, the SAS can decide on a suitable positioning method. This decision determines the UE Positioning related information which has to be forwarded to the UE. The SAS can initiate UE and LMU measurement as well as information exchange with other SMLCs so that the RNC only needs basic routing functionality. The final calculation is performed by the SAS and after a comparison with the QoS requirements either the result is returned to the RNC or the whole process is started over again with a different method.

Secondly, if the RNC comes with an internal SMLC, the work may be shared between RNC and SAS. For every positioning request, the RNC may decide either to shift the whole request to the SAS as described before or to use only supporting functionality of the SAS. This may be the generation of the UE Positioning related information or the actual calculation of the position.

With these two approaches the chain of responsibilities is clearly defined and compatibility between Iupc implementations from different vendors is assured. Furthermore, the flexible design would allow future enhancements to the SAS without affecting the RNC, e.g. for capacity enhancement or support of improved positioning algorithms.
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