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1.  

Introduction
For an emergency call, an early position fix for the calling UE may be useful to assist routing and/or to provide to a PSAP operator. This would particularly apply in the US where the FCC mandates a location accuracy of 50 meters for terminal based positioning methods for 67% of emergency calls and where achievement of such accuracy using A-GPS or A-GNSS (possibly combined with OTDOA) can  take up to 30 seconds. 

With CDMA networks, the positioning protocol that is used is defined in 3GPP C.S0022 [1], [2], [3] and supports return of early positioning measurements for A-GPS and/or AFLT by a UE to a CDMA location server (PDE) prior to return of final (and typically more accurate) positioning measurements. The location solution for CDMA, as described in ANSI J-STD-036 [4] (see sections 4.1 and 4.2 in [4]), permits the early positioning measurements to be (a) used for routing (to determine a correct PSAP destination) and/or (b) provided to a PSAP if there is a PSAP request and if the final location is not available prior to some maximum time limit. The early location fix capability supported in 3GPP2 C.S0022 can be used with both the CDMA control plane solution defined in [4] and with SUPL since SUPL supports 3GPP2 C.S0022 and places no limitation on sending more than one location request from a server to a UE and returning more than one location response from the UE to the server during the same SUPL session.
An early location fix may be particularly useful to a PSAP operator to enable the operator to determine the approximate location of an emergency caller and start to make use of associated map information (e.g. to query the caller as to a more exact location) and/or transfer to a public safety responder to begin the process of dispatch. In order to provide parity with CDMA (e.g. for CDMA operators migrating to LTE) and avoid the loss of a useful capability, it would be beneficial if LTE solutions could also support an early location fix. The capability may also be useful to other operators who would like to improve on a long response time when using A-GPS/A-GNSS.
It should be noted that while there is no absolute regulatory mandate in the US for an early location fix, PSAPs generally consider 20 or 30 seconds for location information as being unacceptable and sometimes complain to the FCC about the timeliness and availability of emergency caller location information – e.g. see [12].
2. Support of an Early Location Fix in LPP

In a CDMA network, an early position fix is supported at the positioning protocol level using C.S0022 [1], [2], [3] as mentioned above. A similar capability might be used in LPP. Explicitly changing LPP to support an early position fix is shown in the following figure. This is based on the existing Location Information Transfer procedure in sub clause 5.3.1 of LPP [13] with the additions shown below in blue.
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1.
The server sends a RequestLocationInformation message to the target to request location information, indicating the type of location information needed and potentially the associated QoS. The server includes a new responseTimeEarlyFix IE in the responseTime portion of the qos IE to request early location information from the target. The responseTimeEarlyFix IE includes a timer value in the range 1-128 seconds indicating when the target should return an early location fix. The message also includes a timer value in the existing responseTime IE indicating when a final location fix should be returned.
2.
When the timer value in the responseTimeEarlyFix IE expires, the target sends a ProvideLocationInformation message to the server to transfer early location information. The endTransaction IE is set to FALSE. If early location information is not available when the time value in the responseTimeEarlyFix IE expires, the target may skip step 2. 
NOTE 1:
a target could return a ProvideLocationInformation message containing no location or measurements in step 2 if the target has no location information.
NOTE 2:
in the case that not all early location information would fit into a single ProvideLocationInformation message (e.g. in the case of OTDOA measurements for more than 24 cells), a target could send more than one ProvideLocationInformation message to the server prior to the expiry of the responseTimeEarlyFix timer.
3.
When the timer value in the responseTime IE expires, the target sends a ProvideLocationInformation message to the server to transfer final location information. The endTransaction IE is set to TRUE.

NOTE 3:
NOTE 2 applies also to the final location information with respect to sending more than one  ProvideLocationInformation message prior to expiry of the responseTime timer.

The only change to LPP that is needed to support this procedure is addition of a new responseTimeEarlyFix IE in the existing qos IE which can be an integer to indicate the response time for the early location information. This can be supported optionally by both a server and a target – e.g. if supported by a server but not by a target, then step 2 above will not occur but just step 3 which can be detected by the server due to inclusion of an endTreansaction IE set to TRUE in the first ProvideLocationInformation message returned by the target.
The above solution has one or more of the following advantages compared to other possible solutions such as those described in Annex B.

1. The UE is aware that both early location information and final location information have been requested and can use the same position method(s), or a subset of the same position methods, that were requested for the final location information to obtain the early location information without necessarily having to delay the final location information.
2. Only one LPP session is needed between the server and the target – thereby reducing signalling at least between the server and target.

3. The solution is applicable to SUPL (e.g. see Annex A.1). The solution is also applicable to the 3GPP control plane solution (e.g. see Annex A.2).
4. The response times for the early and final location fixes are flexible

5. There need not be any unnecessary accuracy impairment for either the early or final location fix.

3.
Proposal
While the LPP Early Location solution  requires a small change to LPP, it has one or more advantages over other possible solutions such as those described in Annex B, including not having any limitation concerning applicability to SUPL or the 3GPP control plane solution and not being subject to any restriction concerning a response time for either early or final location information. This leads to the following proposal.

Proposal:

Enhance LPP in Release 12 to support return of an early location fix as described in section 2
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ANNEX A – Usage of An Early Location Fix with SUPL and 3GPP Control Plane Solutions
This annex shows how the early location fix solution described above may be used with either the SUPL location solution or the 3GPP control plane solution to provide an early location fix to both an LRF to support routing and to a PSAP to support emergency dispatch. 

A.1
SUPL Usage of Early Location Fix in LPP

The early location fix procedure for LPP as described previously can be used with the SUPL location solution without any signalling changes to SUPL. An example of usage for SUPL is shown below.
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A.2
3GPP Control Plane Usage of Early Location Fix in LPP (Informative)
The 3GPP control plane solution can be extended in several different ways to make use of early position fix support by LPP . For example, the LCS-AP protocol [8] used on the SLs interface between an MME and E-SMLC and the ELP protocol [9] used on the SLg interface between a GMLC and MME could each be extended to support return of an early position fix response (from an E-SMLC or MME) prior to return of a final position fix response (from an E-SMLC or MME). Alternatively, only the LCS-AP protocol might be extended in this way and the MME might then use (a) the Location Report Request message in the ELP protocol to report one or other of the early position fix and final position fix and (b) the Provide Location Answer message to report the other of the early position fix and the final position fix, thereby reducing or eliminating any stage 3 impact to the ELP protocol. It is also possible to make use of an early position fix capability in LPP without any stage 3 impact to LCS-AP or ELP provided a GMLC and E-SMLC in an operator’s network are configured in a suitable way. An example of this is shown below based on the EPC-MT-LR procedure without HLR query in subclause 9.1.16 of TS 23.271 [5] which is shown in black below with additional signaling on the SLs and SLg interfaces shown in blue and with use of the LPP early position procedure shown in green. A corresponding step description similarly color coded is also shown. It should be noted that this solution is only being provided for information to show that control plane support will be possible. Any actual proposal (e.g. for Rel-13) would need to be shown to SA2.
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Figure 9.19: Positioning for a Emergency Services EPC-MT-LR without HLR Query
(with changes for an early location fix)
1)
An LCS client (PSAP) requests the location of a target UE, identifying first the target UE and the serving LRF by previously supplied correlation information for the emergency call.

2a)
The LRF/GMLC may determine the MME by associating the correlation information received from the PSAP with other information received previously from the MME using an EPC NI LR and/or from the IMS core as in TS 23.167. The Provide Subscriber Location message sent to the MME carries, if available, the MSISDN or the IMSI and, if available, the IMEI for the target UE, as well as the required QoS and an indication of a location request from an emergency services client. The MME identifies the target UE using the IMSI, MSISDN and/or the IMEI. In case of a SIM-less emergency call, or non-registered (U)SIM emergency call, the IMEI shall be always sent. The QoS indicates high accuracy.
3a)
The MME sends a Location Request to the E-SMLC, as for a normal EPC MT LR.
2b)
If the LRF/GMLC requires an early location fix, the LRF/GMLC sends a second Provide Subscriber Location message sent to the MME containing the same information as in step 2a but with a QoS indicating low accuracy.

3b)
The MME sends a Location Request to the E-SMLC, as for a normal EPC MT LR. The E-SMLC can determine that the location request in this step is for the same UE as the location request in step 3a due to inclusion of the same IMSI or IMEI in the location request. The E-SMLC can also determine that the location requests in steps 3a and 3b are for emergency services due to inclusion of an emergency services LCS client type in both messages.
4)
E-SMLC performs positioning for the requests in steps 3a and 3b. The E-SMLC needs to be configured to invoke the LPP early location fix procedure when receiving a location request with high accuracy QoS for an emergency services client type as in step 3a. 

4a)
The E-SMLC sends an LPP Request Location Information message to the UE with a request for an early location fix.  This may be sent before or after receiving the request in step 3b.

4b)
The UE returns an early location fix.

4c)
The UE returns a final location fix.
5a)After step 4b occurs, the E-SMLC returns the early location fix to the MME in response to the request in step 3b. If the request in step 3b is not received prior to step 4b (e.g. step 2b is delayed or does not occur), the E-SMLC stores the early location fix and either returns the early fix later if step 3b occurs before step 4c or discards the early fix if step 3b occurs after step 4c or does not occur. As an implementation option, if step 4b does not occur at or shortly after the expiration of the early location fix timer sent by the E-SMLC in step 4a (e.g. the UE is unable to obtain early location measurements or an early location estimate), the E-SMLC may return an early location fix determined from the UE serving cell. In that case, any early location fix received from the UE later (in step 4b) would be discarded.
6a)
The MME returns the early location fix to the LRF/GMLC in response to the request in step 2b. 
7)
The LRF sends the early location fix to the LCS client (PSAP) in response to the request in step 1.
5b)
After step 4c occurs, the E-SMLC returns the final location fix to the MME in response to the request in step 3a.

6b)
The MME returns the final location fix to the LRF/GMLC in response to the request in step 2a. The LRF/GMLC may store the final location fix.

8)
Since the early location fix may not be accurate, the LCS Client (PSAP) sends a request for a more accurate location to the LRF.

9)
The LRF sends the final location fix to the LCS client (PSAP). If step 6b had not yet occurred, the LRF would await receipt of the final location fix in step 6b before responding to the LCS Client.

ANNEX B - Alternative Solutions for An Early Location Fix
This annex describes some possible other solutions for supporting an early location fix and shows why these would not be preferable.
B.1
Early Location Support via Cell ID at the LRF 

A UE instigating an emergency call is required to include the serving cell ID in the SIP INVITE message sent to the IMS in the serving network – e.g. see [10]. The LRF in the serving IMS could then use the serving cell ID both for routing and to derive an approximate location that could be provided to the PSAP as an early location fix. While usage for routing is normally expected (e.g. see [11]), cell based location could often be too coarse to be of much value to a PSAP operator – e.g. since a cell coverage area can sometimes overlap the service areas of two or more PSAPs. In addition, this solution would be worse than that supported by CDMA networks where early A-GPS and AFLT measurements can be provided by a UE to enable a more accurate early location fix.
B.2
Early Location Support via the EPC-NI-LR Procedure in TS 23.271 

The EPC Network Induced Location Request (EPC-NI-LR) procedure defined in subclause 9.1.17 of 3GPP TS 23.271 [5] enables an MME that is serving a UE that is initiating an emergency call to instigate location of the UE via an E-SMLC and to report the location to a GMLC/LRF. The location would start as soon as the UE has performed an emergency attach or requested an emergency PDN connection – see extracted Figure 9.20 below from TS 23.271 [5].
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Figure 9.20: Network Induced Location Request for EPC (TS 23.271 [5])
Although this solution can enable an early location fix at the LRF for use in routing and/or delivery to a PSAP, it has three distinct disadvantages:

1. It is only applicable when an operator supports the 3GPP control plane location solution for LTE (e.g. the operator must have an E-SMLC).

2. It is an additional procedure to the EPC-MT-LR procedures defined in TS 23.271 [5] (e.g. see subclauses 9.1.15 and 9.1.16) that must be supported if an LRF is to later obtain an accurate location fix following an early location fix.

3. Its usage may delay or otherwise constrain subsequent retrieval by an LRF of an accurate location fix because of the following restriction in 3GPP TS 36.305 [6] in subclause 7.1.2.4: “no more than one LPP procedure between a particular pair of target and server nodes to obtain location information shall be in progress at any time for the same position method”. The restriction means that if an LRF requests an accurate location via the serving MME and E-SMLC while the E-SMLC is obtaining an early position fix from the UE according to the figure above, the E-SMLC would need to (a) queue the request for the accurate location fix, (b) send a request to a UE using different position methods or (c) obtain location information from the E-UTRAN rather than the UE.

For an operator who prefers to use the OMA SUPL location solution [7] to locate a UE that is performing an emergency call over LTE or for an operator who needs an optimum control plane solution with minimal impacts, the above are severe disadvantages. 

B.3
Early Location Support via Multiple Invocation of an EPC-MT-LR 

The EPC-MT-LR procedure defined in TS 23.271 [5] could be invoked twice by an LRF/GMLC – once to obtain an early location fix and a second time to obtain a more accurate final location fix. The current EPC-MT-LR procedure has two variants in TS 23.271 – one in which an HSS query is used by a GMLC to determine the serving MME (see subclause 9.1.15 of TS 23.271) and one in which the GMLC already knows the serving MME from information received from the IMS Core (E-CSCF) or information provided by the serving MME using the EPC-NI-LR procedure outlined here in section 2.2. The second of these procedures is shown below via an extract of Figure 9-19 from subclause 9.1.16 of TSA 23.271.
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Figure 9.19: Positioning for an Emergency Services EPC-MT-LR without HLR Query (TS 23.271 [5])
The two invocations of the EPC-MT-LR procedure could occur serially or in parallel. The disadvantages would be similar to those described in B.2 for the EPC-NI-LR procedure except that the additional impact would probably be less due to use of a common procedure for both the early location fix and final location fix.

B.4
Early Location Support via LPP Periodical Reporting

Use of the existing LPP periodical reporting capability to support an early location fix is illustrated in the following figure.
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1.
The server sends a RequestLocationInformation message to the target to request location information, indicating the type of location information needed and potentially the associated QoS. The server includes a periodicalReporting IE to request periodic location reporting from the target.

2.
When the interval given by the reportingInterval IE has expired, the target sends a ProvideLocationInformation message to the server to transfer early location information if available or no location information if measurements or a location estimate were not available. The endTransaction IE is set to FALSE. 

3.
If the value in the reportingAmount IE exceeds 2, the target repeats step 2 at intervals given by the reportingInterval IE a number of times equal to the value in the reportingAmount IE less 2. 
4.
After a further interval given by the reportingInterval IE, the target sends a final ProvideLocationInformation message to the server to transfer final location information. The message includes the endTransaction IE set to TRUE. 

The server may use the location fix provided in step 2 or any location fix provided in step 3, if step 3 occurs, as an early location fix. The solution could be used by SUPL or with the 3GPP Control Plane solution similarly to that described in Annex A. 1 and A.2 for the LPP early location fix solution of section 2. Although the procedure enables an early location fix, there are several problems:

1. The supported values for the reportingInterval IE are 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds and the supported values for the reportingAmount IE are 1, 2, 4, 8, 16, 32, 64, and infinite/indefinite. This places some restriction on the response times for the early location fix (in step 2 or step 3) and the final location in step 4, since some combinations of response times will not be exactly achievable (e.g. an early fix response time of 5 seconds and a final fix response time of 30 seconds).

2. Unless the reportingAmount IE has the value 2 (which forces the early location fix time to be half the final response time), the target will send additional location fixes to the server in step 2 and/or step 3 that are not needed. While this wastes some signaling, a possibly worse consequence is that the target may not perform some measurements in a challenging environment (e.g. dense urban or indoors) for a long enough period of time to achieve useful results due to having to meet the periodic reporting interval for the unneeded responses. While this might depend on implementation and not affect all target devices, it remains a potential defect.

Due to (1) and (2) above, the use of periodical LPP reporting is not seen as a preferred solution.
B.5
Comparison of Early Location Support Solutions

The following table summarizes the advantages and disadvantages of each of the alternative solutions in sections B.1, B.2, B.3, B.4 and 2.

	Criteria / Solution
	Cell ID (B.1)
	EPC-NI-LR (B.2)
	Multiple MT-LR (B.3)
	Periodical LPP (B.4)
	LPP Early Location (2)

	More accurate Early Location
	No
	Yes
	Yes
	Yes
	Yes

	Use with LTE Control Plane Solution
	Yes
	Yes
	Yes
	Yes
	Yes

	Use with SUPL
	Yes
	No
	No
	Yes
	Yes

	Avoids new stage 3 signaling
	Yes
	Yes
	Yes
	Yes
	No

	Avoids new stage 2 signaling for use with the Control Plane solution
	Yes
	Yes
	Yes
	No
	No

	Allows flexible response times
	Yes
	Yes
	Yes
	No
	Yes

	Avoids conflicts between early and final location fixes
	Yes
	No
	No
	No

(Note 1)
	Yes


Table B.1 – Advantages and Disadvantages of the Solutions described in Sections B.1-B.4 and 2
[Note 1: any conflict would depend on implementation]

Disadvantages that can limit operational flexibility are highlighted above in yellow. While the LPP Early Location solution in section 2 requires a change to LPP and new stage 2 signaling (e.g. as illustrated in Annex A.2) for use with the control plane solution, it is the only solution that does not appear to have any operational limitation.
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