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1. Introduction

At RAN2 meetings #66 and #66bis, there were inconclusive discussions on the possible need for LPP to support UE-based OTDOA positioning.  This document identifies a number of reasons to support it.
2. Discussion

2.1. Benefits of UE-based positioning methods

As a matter of precedent, it is not clear that there is any reason to remove support for UE-based OTDOA from LPP as compared to RRLP and UMTS RRC.  However, apart from this philosophical argument, there are concrete benefits to supporting OTDOA in its UE-based form.

The improvement in network load that results from using UE-based positioning generally is obvious, and is well known in the industry in the context of A-GNSS: in addition to offloading the computational cycles from the network to the UE, UE-based positioning can decouple positioning operations from signalling entirely (within the lifetime of a particular set of assistance data), reducing the signalling load in cases where a UE needs to compute its position for its own use multiple times.  Because of this reduction in both network signalling and processing load and because of the lower latency per positioning fix (e.g. when multiple fixes are needed by a single UE), UE-based A-GNSS is becoming increasingly prevalent.
The last-mentioned case is of particular interest.  With UE-based positioning (of whatever method), once appropriate assistance data have been downloaded to the UE, that UE can position itself without further network intervention for as long as the assistance data remain valid and applicable.  With this model it actually becomes possible to position idle UEs, without the consumption of battery power and bandwidth to establish an RRC connection whenever a position update is required.  For A-GNSS, this approach is already used in deployed networks and has clear benefits.

A similar approach is of course possible using OTDOA, either as an independent positioning method or as a “backup” to A-GNSS in hybrid positioning, providing additional measurements to enable an accurate location estimate when GNSS measurements alone are not sufficient (e.g., indoors and in dense urban environments).  Obviously, however, hybrid A-GNSS/OTDOA is only possible when both methods operate in the same mode (either UE-assisted or UE-based), which implies support for UE-based OTDOA if UE-based A-GNSS is to remain the norm for higher-volume applications.
2.2. Assistance data for UE-based OTDOA

The assistance data needed for UE-based OTDOA includes eNode B timing data (for non-synchronised deployments) and eNode B coordinates.  A body of such assistance data could be sent to cover as large an area as the network deems desirable; given that data (and appropriate GNSS assistance data for hybrid cases), a UE can position itself for as long as it remains in the area, or until the assistance data expire due to timer drift in the eNode Bs.  The latter case should be quite infrequent; while the behaviour of real eNode Bs remains to be seen, past studies of timer behaviour in cellular networks suggest that the validity of such assistance data could be on the order of hours or even days.

Of course, timing changes in asynchronous (and possibly occasionally in synchronous) deployments could occur unpredictably and would need to be signalled to UEs with low latency.  These changes should not be extremely frequent, and might be handled simply by bringing UEs whose last assistance data was otherwise valid to connected mode to force an update; alternatively, other methods such as broadcast indications of timing changes could be considered.  Our assumption is that these cases can be handled by network implementation.
2.3. Additional considerations: Billing and specification impact
It should be noted that even if a UE is positioning itself without network interaction, billing can still take place for the delivery of the assistance data, meaning that positioning remains a potentially revenue-generating procedure.  In synchronous networks, however, the lifetime of OTDOA assistance data could be effectively infinite, limited only by deployment changes such as the introduction or disappearance of new eNode Bs.  In such cases, an artificial expiry time could be associated with the assistance data, or the ability to self-position could be considered as a subscription rather than a pay-per-use feature.

Finally, the impact of providing protocol support for the UE-based method (given pre-existing support for UE-assisted OTDOA) is minimal, essentially confined to providing message formats for the required assistance data (eNode B coordinates and timing differences).

3. Conclusion
Based on the above analysis, we propose that UE-based OTDOA should be supported in LPP.  The attached text proposal indicates the needed changes to TS 36.305.
**** Start of Proposed Changes to 35.305 ****
.

4.3
Standard UE Positioning Methods

The standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods;

-
downlink positioning;
-
enhanced cell ID method.
Hybrid positioning using multiple methods from the list of positioning methods above is also supported.

These positioning methods may be supported in UE-based, UE-assisted/E-SMLC-based, or eNB-assisted versions.  Table 4.3-1 indicates which of these versions are supported in this version of the specification for the standardised positioning methods.

	Method
	UE-based
	UE-assisted, E-SMLC-based
	eNB- assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted

	Downlink
	Yes
	Yes
	No
	Yes (UE-assisted; UE-based)

	E-CID
	FFS
	Yes
	Yes
	Yes (UE-assisted; eNB-assisted)


Table 4.3‑1: Supported versions of UE positioning methods

4.3.1
Network-assisted GNSS Methods

These methods make use of UEs that are equipped with radio receivers capable of receiving GNSS signals.
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), and Quasi Zenith Satellite System (QZSS).

In this concept, different GNSSs (e.g. GPS, Galileo, etc.) can be used separately or in combination to determine the location of a UE.

The operation of the network-assisted GNSS methods is described in clause 8.1.

4.3.2
Downlink positioning

In the Downlink positioning method, the position of the UE is estimated from measurements made by the UE of the timing differences between pairs of cells managed by different eNodeBs. With UE assisted Downlink positioning, the UE provides the measurements to the E-SMLC for computation of the UE position from these measurements combined with the known positions of the eNodeBs. With UE based Downlink positioning, the UE computes its own location using the same data. In the UE based case, the network (e.g. E-SMLC) must provide the eNodeB locations to the UE.
The UE can be assisted in its measurement of timing differences through the support of a downlink PRS in each cell. In this case, the transmission schedule of the PRS should be made known to the UE (e.g. by the E-SMLC).
The operation of the downlink method is described in clause 8.2.
**** Next Proposed Changes to 35.305 ****
8.2
Downlink positioning method

Editor's Note: Downlink positioning is still under discussion in RAN1.  This section is based on the available information at the time of writing, but the contents cannot be considered definitive until RAN1 have concluded.

8.2.1
General

In the downlink positioning method, the UE positiong is estimated based on measurements taken at the UE of downlink radio signals from multiple eNode Bs, along with knowledge of the geographical coordinates of the measured eNode Bs and their relative downlink timing.

The specific positioning techniques used to estimate the UE’s location from this information are beyond the scope of this specification.

8.2.2
Information to be transferred between E-UTRAN Elements

This subclause defines the information that may be transferred between E-UTRAN elements.

8.2.2.1
Assistance Data that may be transferred from the E-SMLC to UE 

The following assistance data may be transferred from the E-SMLC to the UE:

· Physical cell IDs (PCIs) and global cell IDs (GCIs) of candidate cells for measurement;

· Timing relative to the serving eNode B of candidate cells;

· Geographical coordinates of candidates cells and/or of the serving eNode B.
· PRS transmission schedule (if PRS is supported)
Some assistance data are needed only for certain forms of a downlink positioning transaction (e.g., for UE-based only).


8.2.2.2
Assistance Data that may be transferred from the eNode B to E-SMLC 

The following assistance data may be transferred from the eNode B to the E-SMLC:

· PCI and GCI of the cells under the eNode B and/or of cells under other eNode Bs;

· Timing information on the eNode B and/or of other eNode Bs;

· Geographical candidates of the eNode B and/or of other eNode Bs.

· PRS schedule
An eNode B may provide assistance data relating only to itself, or it may supply the E-SMLC with assistance data relating to several eNode Bs (e.g., relative timing information).

NOTE: The assistance data described in this section are not necessarily transferred only from the eNode B, and in some deployment options may not be delivered from the eNode B at all; they may also be delivered to the E-SMLC through OA&M or other mechanisms external to the E-UTRAN.  In addition, in cases where assistance data are delivered from the eNode B, how the eNode B acquires the data is outside the scope of this specification.

8.2.2.3
Location Information that may be transferred from the UE to E-SMLC

The information that may be signalled from UE to the E-SMLC is listed in Table 8.2.2-1. The individual UE measurements are defined in [20, 21].

	Information 
	Measurements

	Downlink Measurement Results List for EUTRA
	Physical cell IDs

	
	Global cell IDs

	
	Downlink timing measurements


Table 8.2.2-1: Information that may be transferred from UE to the E-SMLC

Editor's Note: The details of the measurements are FFS.

8.2.3
Downlink Positioning Procedures

The procedures described in this subclause support downlink positioning measurements obtained by the UE and provided to the E-SMLC using LPP, or obtained by the eNode B and provided to the E-SMLC using LPPa.


8.2.3.1
Position Capability Transfer Procedure

The purpose of this procedure is to enable the UE and E-SMLC to obtain the positioning capabilities of the E‑SMLC and UE, respectively. 

8.2.3.1.1

E-SMLC initiated Position Capability Transfer

Figure 8.2.3-1shows the Position Capability Transfer operations for the downlink method when the request for the position capabilities is initiated by the E-SMLC.
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Figure 8.2.3-1: E-SMLC initiated Position Capability Transfer

(1)
Optionally, the E-SMLC determines that the positioning capabilities of the UE are needed and sends an LPP PDU to the UE including a Request Capabilities type. The request indicates that the downlink positioning capabilities of the UE are needed and may include a request for the capabilities of other position methods as well. 

(2)
If step 1 occurs, or if the UE determines to send its capabilities to the E-SMLC in an unsolicited manner, the UE sends an LPP PDU of type Provide Capabilities to the E-SMLC. This PDU shall include the positioning capabilities of the UE requested in step 1 (or determined by the UE in the absence of step 1), including the measurements supported for downlink positioning.

8.2.3.1.2

UE initiated Position Capability Transfer

Figure 8.2.3-2 shows the Position Capability Transfer operations for the downlink positioning method when the request for the position capabilities is initiated by the UE.
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Figure 8.2.3-2: UE initiated Position Capability Transfer

(1)
Optionally, the UE determines that the positioning capabilities of the E-SMLC are needed and sends an LPP PDU to the E-SMLC including a Request Capabilities type. The Request Capabilities includes a request for the downlink positioning capabilities of the E-SMLC. 

(2)
If step 1 occurs, or if the E-SMLC determines to send its capabilities to the UE in an unsolicited manner, the E-SMLC sends an LPP PDU of type Provide Capabilities to the UE. This PDU shall include the positioning capabilities of the E-SMLC requested by the UE in step 1, or as determined by the E-SMLC in the absence of step 1, including the downlink positioning capabilities.

8.2.3.2 
Assistance Data Delivery Procedure

8.2.3.2.1
Assistance Data Delivery between E-SMLC and UE

The purpose of this procedure is to enable the E-SMLC to provide assistance data to the UE (e.g., as part of a positioning procedure) and the UE to request assistance data from the E-SMLC (e.g., as part of a positioning procedure or for autonomous self location (i.e., UE determines its own location)).

8.2.3.2.1.1
E-SMLC-initiated assistance data delivery to the UE

Figure 8.2.3-3 shows the Assistance Data Delivery operations for the network downlink positioning method when the procedure is initiated by the E-SMLC. 
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Figure 8.2.3-3: E‑SMLC originated Assistance Data Delivery Procedure

 (1)
The E-SMLC determines that assistance data needs to be provided to the UE (e.g., as part of a positioning procedure) and sends an LPP PDU of type Provide Assistance Data to the UE. This PDU may include any of the downlink positioning assistance data defined in subclause 8.2.2.1. 

8.2.3.2.1.2
UE-initiated assistance data delivery to the UE

Figure 8.2.3-4 shows the Assistance Data Delivery operations for the downlink positioning method when the procedure is initiated by the UE. 


[image: image4.emf]UE E-SMLC

2. LPP PDU (Type: Provide Assistance Data)

1. LPP PDU (Type: Request Assistance Data)


Figure 8.2.3-4: UE initiated Assistance Data Delivery Procedure

 (1)
The UE determines that certain downlink positioning assistance data are desired (e.g., in case the UE requires its own location with autonomous self location, or as part of a positioning procedure when the E-SMLC-provided assistance data are not sufficient for the UE to fulfill the request) and sends an LPP PDU of type Request Assistance Data to the E-SMLC. This request includes an indication of which specific downlink assistance data are requested.  Additional information concerning the UE's approximate location and serving and neighbour cells may also be provided in the Request Assistance Data PDU and/or in an accompanying Provide Location Information PDU to help the E-SMLC provide appropriate assistance data. This additional data may include the UE's last known location if available, the cell IDs of the UE serving eNodeB and possibly neighbour eNodeBs, as well as E-CID measurements. 

(2)
The E-SMLC provides the requested assistance in an LPP PDU of type Provide Assistance Data, if available at the E-SMLC. If any of the UE requested assistance data in step (1) are not provided in step 2, the UE shall assume that the requested assistance data are not supported, or currently not available at the E-SMLC. If none of the UE requested assistance data in step (1) can be provided by the E-SMLC, an LPP PDU of type Error is sent by the E-SMLC instead, providing the error reason.

8.2.3.2.2
Assistance Data Delivery between E-SMLC and eNode B

The purpose of this procedure is to enable the eNode B to provide assistance data to the E-SMLC, for subsequent delivery to the UE using the procedures of subclause 8.2.3.2.1 or for use in the calculation of positioning estimates at the E-SMLC.

8.2.3.2.1.1
eNode B-initiated assistance data delivery to the E-SMLC

Figure 8.2.3-5 shows the Assistance Data Delivery operation from the eNode B to the E-SMLC for the network downlink positioning method, in the case where the procedure is initiated by the eNode B. 
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Figure 8.2.3-5: E‑SMLC originated Assistance Data Delivery Procedure

 (1)
The eNode B determines that assistance data need to be provided to the E-SMLC (e.g., as part of a periodic update or in response to a change in assistance data) and sends an LPPa PDU of type Provide Assistance Data to the E-SMLC. This PDU may include any of the downlink positioning assistance data defined in subclause 8.2.2.1. 

8.2.3.2.1.2
E-SMLC-initiated assistance data delivery to the E-SMLC

Figure 8.2.3-6 shows the Assistance Data Delivery operation from the eNode B to the E-SMLC for the downlink positioning method, in the case that the procedure is initiated by the E-SMLC.
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Figure 8.2.3-6: UE initiated Assistance Data Delivery Procedure

 (1)
The E-SMLC determines that certain downlink positioning assistance data are desired (e.g., as part of a periodic update or as triggered by OAM) and sends an LPPa PDU of type Request Assistance Data to the eNode B. This request includes an indication of which specific downlink assistance data are requested.

(2)
The eNode B provides the requested assistance in an LPPa PDU of type Provide Assistance Data, if available at the eNode B. If the requested assistance data in step (1) are not provided in step 2, an LPPa PDU of type Error is sent by the eNode B instead, providing the error reason.

8.2.3.3 
Position Measurement Procedure

The purpose of this procedure is to enable the E-SMLC to request position measurements from the UE, or to enable the UE to provide location measurements to the E-SMLC for position calculation (e.g., in case of basic self location where the UE requests its own location).

8.2.3.3.1

E-SMLC initiated Position Measurement

Figure 8.2.3-7 shows the Position Measurement operations for the downlink positioning method when the procedure is initiated by the E-SMLC.
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Figure 8.2.3-7: E-SMLC initiated Position Measurement Procedure
(1)
Optionally, the E-SMLC sends an LPP PDU of type Request Location Information to the UE. This request include an indication of downlink measurements requested for UE assisted downlink, an indication of required location accuracy for UE based downlink and a required response time.

(2)
If step 1 occurs, or if the UE determines to provide unsolicited downlink measurements to the E-SMLC (e.g. as part of the procedure in Figure 8.2.3-8), the UE obtains downlink measurements or a downlink related location estimate as requested in step 1, or as determined by the UE in the absence of step 1. The UE then sends an LPP PDU of type Provide Location Information to the E-SMLC, before the Response Time provided in step (1) elapsed if step 1 occurred, and includes the obtained downlink measurements or obtained location estimate.  If step 1 occurred and if the UE is unable to obtain the requested measurements or location estimate, or the Response Time elapsed before any of the requested measurements were obtained, the UE sends an LPP PDU of type Error instead, providing the error reason.

8.2.3.3.2

UE initiated Position Measurement

Figure 8.2.3-8 shows the Position Measurement operations for the downlink positioning method when the procedure is initiated by the UE. This procedure may be used by the UE in case of basic self location (i.e., UE requests its own location).
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Figure 8.2.3-8: UE initiated Position Measurement Procedure (Basic Self Location)

(1)
The UE sends an LPP PDU of type Request Location Information to the E-SMLC, including preferred location methods and quality of service parameters (accuracy and response time). The UE may also include a Provide Location Information type, as described in step 2 of Figure 8.2.3-7, containing downlink positioning (and possibly other) measurements . The Provide Location Information type may include any UE downlink measurements already available at the UE and supported by the E-SMLC.

 (2)
If the E-SMLC is able to calculate the position from any measurements provided in step 1 or by instigating one or more additional transactions with the UE (e.g. to obtain further measurements), it returns the location (possibly together with uncertainty information) to the UE in an LPP PDU of type Provide Location Information. If the E-SMLC can not obtain the UE location, an LPP PDU of type Error is sent instead, providing the specific error reason.

