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1
Introduction
Discussions on how to best add support for “RF Pattern Matching” in UTRAN specifications are ongoing in RAN2 since RAN2#69 (San Francsico). Significant progress has been made at last RAN2#70 meeting in Montreal and subsequent email discussion [70#6]. Two similar Stage 2 proposals for support of “RF Pattern Matching” in UTRAN are now available.
This contribution summarizes the current status of the work in RAN2 and proposes a way forward.

2
Summary of Status
A first proposal for adding support of “RF Pattern Matching” in UTRAN specifications has been submitted by Polaris Wireless to RAN2#68bis in [1]. This proposal has been extended in [2] and first discussed at RAN2#69. In this contribution [2], it is proposed to add a completely new positioning method (together with new procedures) in order to support “RF Pattern Matching” (assisted by network configurable idle periods (IPDL)) in UTRAN. 
Concerns were raised by Qualcomm that this proposal in [2] would add unnecessary complexity to UTRAN (as well as some additional but so far undetermined complexity to the UE in case of IPDL) and to the UMTS specifications in general, since the functionality can be supported more efficiently using existing signalling and procedures as shown in [3], and therefore, an alternative Stage 2 implementation was proposed at RAN2#69 in [4].
At RAN2#69bis, Qualcomm, Ericsson, and ST-Ericsson have shown in more detail how “RF Pattern Matching” can be supported in UTRAN with no impacts on existing signalling, and how the existing signalling can evolve in order to support enhancements to “RF Pattern Matching” by adding additional measurements to the Cell-ID Measured Results Sets IE in PCAP TS 25.453 [5]. 
A response to the Qualcomm document in [3] was presented by Polaris Wireless in [6] at RAN2#69bis. The concerns raised in [6] are all related to the evolution of “RF Pattern Matching” with the addition of a “richer measurement set” [6]. However, as already shown in [5], “RF Pattern Matching” support can evolve efficiently using existing Cell-ID signalling and procedures, which would also avoid duplicating functionality for basic (i.e., non-evolved) “RF Pattern Matching”. 
At RAN2#70, Qualcomm, Ericsson, and ST-Ericsson submitted the same Stage 2 proposal for support of “RF Pattern Matching” in UTRAN [8] as already proposed at RAN2#69bis [4], because the concerns raised in [6] on the potential limitation of an evolution of “RF Pattern Matching” under the existing Cell-ID signalling were obsolete, since it is obvious from [5] that additional measurements can easily be added to the existing Cell-ID Measured Results Sets IE, if those additional measurements should provide any benefit. 
Similar, at RAN2#70, Polaris Wireless, Thales Alenia, Andrew Corp., and True Position submitted essentially the same Stage 2 proposal for support of “RF Pattern Matching” in UTRAN [9] as already proposed at RAN2#69bis [7].
At RAN2#70, representatives of Polaris Wireless and Qualcomm Incorporated discussed off line a potential way forward. Appart from unnecessary informative text in [9], the main concerns with the proposal in [9] were:
· Addition of new procedures to support “RF Pattern Matching” in UTRAN (clause 14.2 in [9]), and ambiguities (or absence of a specification) on how “RF Pattern Matching” will co-exist with existing Cell-ID positioning (where the same functionality is also provided).

· Re-definition of existing PCAP messages (e.g., PCAP class 1 elementary procedures are proposed to be used in a class 2 manner in [9], e.g., Figure 9.4).
· Unclear UE (RRC) impacts. E.g., as proposed in [9], “the SRNC requests from the UE the measurement of the RF Pattern Matching …”, where RRC currently does not support measurement configuration for “RF Pattern Matching” (and other core specifications affected are “TBD” in [9]).
· Unclear UE (RAN1) impacts when “RF Pattern Matching” is assisted by network configurable idle periods (IPDL) (similar, since other core specifications affected are “TBD” in [9]).
As a result of the off-line discussions between Polaris Wireless and Qualcomm during RAN2#70, Polaris Wireless prepared a revised version of [9] in [10]. However, there was not sufficient meeting time to review the revision in detail (e.g., the revision was not provided to other companies (including even Qualcomm (!), Ericsson, and ST-Ericsson) before it was submitted to the meeting).  Therefore, the proposals in [10] (together with [11]) were subject to further email discussions after RAN2#70 [70#6]. 

The email discussion [70#6] did not manage to agree on a single CR. Therefore, it was preferred to continue the discussions in RAN2.
3
Comparison between R2-103368 [10] and R2‑103380 [11]
The two Stage 2 proposals under consideration for support of “RF Pattern Matching” in UTRAN are available in [10] and [11]:

[10]
R2-103368
(CR 25.305) Support of RF Pattern Matching in UTRAN, Polaris Wireless.
[11]
R2-103380
(CR 25.305) Support of RF Pattern Matching in UTRAN, Qualcomm Incorporated, Ericsson, 





ST‑Ericsson.

By comparing [10] with [11], it can be concluded that both proposals (apart from the structure and some informative text) are technically very similar. In particular, the same procedures for support of “RF Pattern Matching” in UTRAN are included in both proposals. Essentially, only two main differences between [10] and [11] can be noticed:
1. Name of the “umbrella method”: The proposal in [11] gathers all Enhanced-Cell ID variants under the existing “Cell-ID based” positioning method, whereas [10] separates Cell-ID and Enhanced-Cell ID variants (in addition, the terminology “Combined Measurement Technologies” is introduced for the Enhanced-Cell ID variants). 
2. Available measurements: The proposal in [10] specifically adds support for “I-RAT measurements (e.g., GSM RxLev)”. 
On item 1, the proposal to separate Cell-ID and Enhanced-Cell ID variants in the Stage 2 description is in principle an acceptable way forward.  However, it is proposed here to use the terminology “Enhanced Cell-ID” instead of “Combined Measurement Technologies”, for the following reasons:
a) Enhanced-Cell ID is a well established terminology in the industry; 
b) Enhanced-Cell ID is already used in 3GPP LTE (36.305).
A similar comment was also made during the email discussions after RAN2#70 [70#6]. 

On item 2, the benefit of adding I-RAT measurements (e.g., GSM RxLev) is currently unclear, since the study in [12] only considered CPICH RSCP measurements for “Pattern Matching”. Therefore, further studies are needed on this, and once the benefit of I-RAT measurements are agreed in RAN2, they can easily be added to the Stage 3 (as already discussed in [5]). The list of available measurements in Stage 2 does not need to be exhaustive (the list currently provides only examples).
During email discussions after RAN2#70 [70#6] the concern was also raised by the rapporteur of TS 25.305 (Ericsson) whether the inclusion of a reference to a TR [12] in a Stage 2 specification is appropriate (e.g., is not common practice in RAN2). By studying the material in the TR [12] we also believe that the information provided in [12] is not needed for a Stage 2 specification. E.g., the description of “Pattern Matching” is also informative in the TR [12] and probably describes only one of many possible implementations. If it should turn out that some text in this TR is needed or provides any value for a Stage 2 specification, the relevant parts may be included directly in the specification text. 
Further, as an editorial comment, it is proposed to combine sections 8.3.2 and 8.3.4 in [10], since both variants make use of the same measurement set (this would also better resemble the title and content of the associated study [12]).
Finally, the current note that “Pattern Matching” works with existing UEs without any modification and requires no new radio hardware in the network is true for all Enhanced Cell-ID variants based on existing (mandatory) measurements. Therefore, it is proposed to move this note to some appropriate higher level paragraph. 
4
Proposed Way Forward

Since most concerns related to the original proposal in [9] were solved in [10], in particular:
· No unnecessary new procedures to support “RF Pattern Matching”;

· no re-definition of existing PCAP messages;

· no UE (RRC and PHY) impacts (as mandated by the work item description),

the proposal in [10] could be used as a starting point for a compromise version. Some comments to this version  in [10] are provided in section 3 above (which also includes comments already made during email discussion after RAN2#70 [70#6]), and are included in the attached modified version (all proposed changes are highlighted in yellow. As a consequence, there are changes on changes, which can be removed in a final agreed version. Note also, some original (unmodified) specification text has also been re-introduced in the attached version, which has accidentially been deleted in [10]).

5
Summary of Proposal
This contribution has summarized the current status of the discussions in RAN2 on “Pattern Matching”. Comments to the version in [10] already provided during email discussions after RAN2#70 [70#6] as well as some additional comments were summarized. 

A potential compromise version taking all comments into account is provided in the annex of this contribution. 

It is proposed that RAN2 consideres the attached version as a potential way forward.
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4.3.1
Cell ID and Enhanced Cell ID Based Method

In the cell ID based (i.e. cell coverage) method, the position of an UE is estimated with the knowledge of its serving Node B. The information about the serving Node B and cell may be obtained by paging, locating area update, cell update, URA update, or routing area update.

The cell coverage based positioning information can be indicated as the Cell Identity of the used cell, the Service Area Identity or as the geographical co-ordinates of a position related to the serving cell. The position information shall include a QoS estimate (e.g. regarding achieved accuracy) and, if available, the positioning method (or the list of the methods) used to obtain the position estimate.

When geographical co-ordinates are used as the position information, the estimated position of the UE can be a fixed geographical position within the serving cell (e.g. position of the serving Node B), the geographical centre of the serving cell coverage area, or some other fixed position within the cell coverage area. Enhanced Cell-ID techniques use additional UE and/or UTRAN radio resource related measurements.
The operation of the cell ID and Enhanced Cell-ID are described in clause 8.

8
Cell ID and Enhanced Cell ID based positioning methods
The Cell ID and Enhanced Cell ID based positioning method can work in either the RNC centric mode or in an SAS centric mode where the SAS has control over the positioning procedures.
This subclause outlines the procedures for Cell ID/Enhanced Cell ID positioning method. Subclause 8.1 provides procedures for the determination of the cell ID depending on the operational status of the target UE. Subclause 8.2 provides a procedure for the mapping of the cell ID to a corresponding SAI to be returned to the LCS application in the CN. Subclause 8.3 provides additional information on various Enhanced Cell ID variants. 
In the RNC centric Cell ID based method, the SRNC determines the identification of the cell providing coverage for the target UE and may request additional UE and/or UTRAN measurements for Enhanced Cell ID. The general flow to determine the cell ID and UE and/or UTRAN measurements for Enhanced Cell ID is shown in figure 8.1. For Enhanced Cell-ID, the SRNC may request measurements either from the Node B(s) (e.g., RTT, Rx Timing Deviation, Angle of Arrival) or from the target UE using RRC measurement procedure (e.g., pathloss, CPICH RSCP, CPICH Ec/No). The available measurements for Enhanced Cell ID are described in Section 8.3.
If the location request from the CN is a request for periodic reporting, the general procedure may be repeated and UTRAN sends an LCS response one reporting interval after the previous LCS response message until the desired amount of reports is attained, or until the procedure is cancelled by UTRAN or CN.


[image: image1]
Figure 8.1: RNC Centric, Cell ID/Enhanced Cell-ID Based Method
In the SAS centric mode the request for a Cell ID/Enhanced Cell ID based position may be originated by an associated SAS via a PCAP Postion Activation Request message on the Iupc interface as discussed in subclause 6.6.5.1.3. In this case the Cell ID and other measurements for Enhanced Cell ID would be provided to the SAS in a PCAP Position Activation Response message as shown in figure 8.2.
For periodic reporting, the SAS may continue to invoke Cell ID/Enhanced Cell ID via PCAP Position Activation Request messages and the SAS sends the periodic location reports to the SRNC in PCAP Position Periodic Result messages until the desired amount of reports is attained (or until the procedure is cancelled by UTRAN or CN) as shown in Figure 8.2. The final location estimate may be provided to the SRNC either in a PCAP Position Periodic Result or in a PCAP Position Initiation Response message, as described in subclause 6.6.5.1.3.
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Figure 8.2: SAS Centric, Cell ID/Enhanced Cell ID Based Method
8.1
Cell ID determination

In order for the SRNC to determine the cell ID when an UE Positioning request is received, additional operations may be needed depending on the operational status of the UE.

When the LCS request is received from the CN the SRNC checks the state of the target UE. If the UE is in a state where the cell ID is available, the target cell ID is chosen as the basis for the UE Positioning. In states where the cell ID is not available, the UE is paged, so that SRNC can establish the cell with which the target UE is associated. The SRNC may also map the cell ID to a corresponding SAI to match the service coverage information available in the CN. 
The cell ID based method shall determine the position of the UE regardless of the UE RRC mode (i.e. connected or idle).
8.1.1
UE Cell ID is not known

For UE for which the cell ID is not known at the time the UE Positioning request is received at the SRNC, the UE may be paged to locate its current cell ID. If the UE is in an idle mode and there is a need for it to be paged, then the paging shall be initiated by the CN. If the UE is in URA_PCH state the paging may be initiated by the SRNC in UTRAN. For example, the UE can be forced to perform a transition to a Cell_FACH state to define the cell ID of its current cell.

If the UE is in an idle mode, or in a RRC connected state when there is a need to page for the UE to obtain the cell ID, the CN may initiate paging, authentication and ciphering, as specified in [13].

Alternatively, the cell ID may be determined as the one that was used during the last active connection to the UE. In the case the UE is not reachable, the last known position should include the age of location field.

8.1.2
UE Cell ID is known

8.1.2.1
UE not in Soft handover

The cell ID may be determined as the cell that is providing an active connection for the UE at the time of receiving the UE Positioning request at the SRNC.

8.1.2.2
UE in Soft handover

In order for the SRNC to provide the geographical co-ordinates of a target UE in soft handover, the SRNC combines the information about all cells associated with the UE.

In soft handover, the UE may have several signal branches connected to different cells, reporting different cell IDs. A reference cell ID may be determined by the SRNC based on the coverage area of each cell. The reference cell ID may be selected based on one or more of the following principles:

-
the cell ID may be selected based on the parameters defining the quality of the received signal branches. That is, the cell ID with the best quality signal branch is selected as the reference cell ID;

-
the cell ID may be selected that was used during connection set-up between the UE and the serving Node B;

-
the cell ID of the cell most recently associated with the UE may be selected;

-
the cell ID of the latest "new" cell that the UE has started to receive, but has not yet been handed over to may be selected;

-
the cell ID may be selected as the cell to which UE has the shortest distance (to the Node B site);

-
the cell ID may be selected as the cell that provides an active connection for the UE at the time of receiving the UE Positioning request at the SRNC.

The selection may also be based on RTT measurements, power levels and received signal strengths in UE and related Node B or LMU.

Other relevant mechanisms such as IPDL or SSDT power control should also be taken into account when applying the cell ID selection procedure for UE in a soft handover mode.
8.2
Mapping the Cell ID to Geographic Co-ordinates or a Service Area

A UTRAN cell ID should be mapped to geographical coordinates or a SAI before being sent from UTRAN to the CN. The Service Area Identifier may include one or several cells. The mapping may be accomplished either in the SRNC, in a Network Management System, including Network Management Unit or by co-operation of various access network elements.

The CN may request the geographical co-ordinates or the SAI, or both for the target UE. The SAI may be used for routing of corresponding Emergency calls, or for CAMEL services to correspond to the usage of Cell ID in the core network of GSM. However, the MSC shall not send the Service Area Identity to GMLC.

Although the mapping of the cell(s) associated with the target UE into geographical co-ordinates by the SRNC is not standardised, the response to the CN Location request with geographical co-ordinates shall be as defined in [11].

In order to determine a cell coverage estimate and to map it to the geographical coordinates or Service Area parameter Identity, the SRNC may use parameters such as the best reference signal, RTT in FDD [15] or Rx Timing Deviation [16] and knowledge of the UE timing advance in TDD, as well as antenna beam direction parameters.

Alternatively, the service area coverage of a cell may be determined by using a reference signal power budget. Based on the reference signal power budget it is possible to obtain, for example, the Node B transmitted power, isotropic path loss, coverage threshold at coverage area border for a given location probability, and a cell radius for an indoor and outdoor coverage.

The SRNC may use a reference signal link budget based cell radius estimate, in conjunction with the cell identifier, to make a coverage estimation for the cell(s) related to the target UE.

Additionally, the SRNC may compare the received power levels with the power budget, whereby more accurate information of the position of the UE may be provided.

Also, the interaction between neighbouring cell coverage areas may be used to determine a more exact UE Positioning.

8.3
Enhanced Cell ID 
Techniques which use additional UE and/or UTRAN radio resource related measurements are defined as Enhanced Cell ID based methods. Enhanced Cell ID works with existing UEs without any modification and usually requires no new radio hardware in the network.
Measurements for Enhanced Cell ID may include:

UE measurements:

-
UE Rx-Tx Time Difference (FDD);

-
pathloss;

-
CPICH RSCP (FDD);

-
CPICH Ec/No (FDD);

-
Timing Advance (TDD).

UTRAN measurements:

-
RTT (FDD);

-
Rx Timing Deviation (TDD);

-
Angle of Arrival (TDD).

Various techniques exist to use these measurements to estimate the location of the target UE. The specific techniques are beyond the scope of this specification. Examples of Enhanced Cell-ID variants include the following:

8.3.1 
Cell-ID with Round Trip Time measurements (RTT)
This variant uses in addition NodeB measurements of the signal Round-Trip-Time (RTT). These measurements can be made for all NodeBs in the active set. If RTT measurements to several geographically dispersed NodeBs are available, the UE location may be found via trilateration. The RTT measurements may be complemented by the UE measurement of the Rx-Tx Time Difference Type 1 and/or Type 2. In case of TDD mode, the distance measurement may be based on RX Timing Deviation and/or Timing Advance.

8.3.2 
Cell-ID with Pathloss Related Measurements

This variant uses in addition several UE measurements for the serving and neighboring cells related to pathloss or SNR. UE measurements which could be used include:

-
Pathloss (as defined in [18] subclause 10.3.7.3);

-
CPICH RSCP (FDD);

-
CPICH Ec/N0 (FDD).

These measurements may be used to obtain distance related information, or the measurements may be used for statistical modeling approaches, etc. These measurements may also be used for “RF Pattern Matching”.
8.3.2.1
 RF Pattern Matching (RFPM)

RF Pattern Matching is based on radio link measurements collected from the network and/or the UE. The method relies on a predictions or models of the radio environment against which it performs an algorithmic comparison of the measurements to determine a best match estimation of the UE’s location. 
8.3.3 
Cell-ID with Angle of Arrival (1.28 Mcps TDD only)
This variant uses NodeB angle-of-arrival measurements, usually together with distance related measurements obtained via timing advance to estimate the UE location.
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