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1.  

Introduction
For OTDOA positioning, the UE performs Reference Signal Time Difference (RSTD) measurements with the help of assistance data provided by a location server. RSTD measurements are applicable in RRC_CONNECTED state for intra-frequency and inter-frequency cells.

Inter-frequency RSTD measurements usually require measurement gaps at the UE (with gap pattern#0 [TS 36.133]). In order to configure the pre-defined measurement gap pattern#0 for a given UE when performing the inter-frequency RSTD measurements, the eNodeB has to be aware of whether an inter-frequency RSTD measurement is requested by the location server for this UE. 
Since the positioning signalling occurs between a location server (E-SMLC or SUPL SLP) and the UE, the eNodeB is not aware of a positioning request. Therefore, a new UE triggered RRC procedure has been introduced in Rel-10 which allows a UE to request appropriate measurement gaps for performing inter-frequency RSTD measurements (RRC InterFreqRSTDMeasurementIndication procedure [TS 36.331]). 
The LPP OTDOA-ProvideCapabilities message currently allows only the indication of the OTDOA mode supported by the UE (only UE-assisted mode is defined in LPP), together with the frequency bands supported by the UE for OTDOA. Therefore, the location server is not aware on whether a UE supports inter-frequency RSTD measurements or not (e.g., a Release 9 UE usually can not support inter-frequency RSTD measurements). 

In addition, in certain cases it is helpful for an eNodeB to know the UE inter-frequency RSTD measurement capabilities as well. For example, if the UE serving cell frequency layer has no Positioning Reference Signals (PRS) deployed, or in case there would be not enough positioning neighbours on the serving cell frequency layer available. In such cases, an eNodeB could perform an inter-frequency handover in case a particular UE does not support inter-frequency RSTD measurements so that only intra-frequency measurements can be made for OTDOA positioning. Therefore, an inter-frequency RSTD measurement capability indicator is also desired in RRC.
2.  


Discussion

2.1 
OTDOA Capability Information

The E-SMLC may instigate a positioning procedure after receiving a LCS-AP Location Request message from the MME. The LCS-AP Location Request message includes (among others) the identity of the serving cell. In case of SUPL, the SLP may instigate a positioning procedure after receiving a location request from an SUPL Agent. In case of SUPL, the location request to an SLP includes the UE IP address and the SLP obtains the serving cell identity from the target UE (in a SUPL POS INIT) after starting the SUPL session.

The location server may then instigate one or more LPP procedures to transfer UE positioning capabilities, provide assistance data to the UE and/or obtain location information from the UE. 
The UE indicates its support for OTDOA in a LPP OTDOA-ProvideCapabilities message, which includes

· the OTDOA mode supported by the UE, and

· the supported E-UTRA bands.

The location server may use the UE serving cell identity to determine an initial location of the UE for selecting appropriate OTDOA assistance data. The OTDOA assistance data include a reference cell (usually the UE serving cell), and a list of positioning neighbour cells. The neighbour cell list is selected by the location server using certain criteria; e.g., such that a good measurement geometry can be obtained when the UE measures these cells.
If the E-UTRAN consists of multiple frequency layers, the selected positioning neighbours may operate on frequencies different from the UE serving cell frequency. For example, the best positioning neighbours (selected according to a certain criteria) may operate on several frequencies different form the UE serving cell frequency. In that case, the OTDOA assistance data would include cells on multiple frequencies, which would require inter-frequency RSTD measurements at the UE. 

However, a location server does not know whether the target UE supports inter-frequency RSTD measurements or not, and therefore, the provided OTDOA assistance data neighbour list may be suboptimal. For example, in case the UE does not support inter-frequency RSTD measurements, the UE would only measure the intra-frequency cells in the assistance data. This may result in reduced accuracy, or even in positioning failures in some cases. E.g., the measurement geometry may be bad, or not enough positioning neighbours on the intra-frequency cells may be measured by the UE to calculate a UE location at the server.

On the other hand, if the location server would know the UE inter-frequency RSTD measurement capabilities, it may take this information into account for selecting an optimal positioning neighbour list. For example, if the location server knows that the UE does not support inter-frequency RSTD measurements, the location server may only select intra-frequency cells for the positioning neighbour list, but still in such a way that the particular selection criteria is fulfilled (e.g., good measurement geometry).

As an extreme example, the network may consist of multiple frequency layers, but only one frequency layer supports OTDOA positioning; e.g., PRS may only be configured on Macro cells, operating on frequency layer f1, and the UE is connected to a Femto cell operating on frequency layer f2 and PRS are not configured on the Femto cell frequency layer. In that case, OTDOA assistance data would all be on an inter-frequency layer, and a UE not supporting inter-frequency RSTD measurements would not be able to report any RSTD measurements. If the location server would know the UE inter-frequency RSTD measurement capabilities, the location server would not instigate an OTDOA positioning session when the target UE does not support inter-frequency RSTD measurements, and may instead use a different positioning method. This would avoid delays in the overall positioning procedure.
Observation 1: 
A location server does not know the UE inter-frequency RSTD measurement capabilities, and therefore, is not able to select optimal OTDOA assistance data, or an appropriate (alternative) positioning method, when needed.

Note, the OTDOA capabilities include the UE supported bands. A UE not supporting inter-frequency RSTD measurements may only include the UE serving cell frequency band. In that case, the location server could infer that this UE does not support inter-band inter-frequency RSTD measurements, but would not know whether the UE supports intra-band inter-frequency RSTD measurements. In addition, if the UE does include multiple bands in the OTDOA capabilities, the location server would not know whether the UE supports intra-frequency measurements on each band only, or also inter-frequency measurements within a band or across multiple bands. 
Therefore, an explicit inter-frequency RSTD measurement capability indicator should be added to the LPP OTDOA‑ProvideCapabilities message. Given that inter-frequency RSTD measurements are fully enabled in Release-10, this capability indicator should be added starting from LPP Release-10. For backwards compatibility, the default interpretation (i.e., absence of this capability indicator) should mean that inter-frequency RSTD measurements are not supported.
Note also, that TS 36.306 (Rel-10), section 7.7.1 already refers to such a capability indicator, which is however, currently missing in LPP.

Proposal 1: 
It is proposed to add an inter-frequency RSTD measurement support indicator to the Rel-10 LPP OTDOA‑ProvideCapabilities message [TS 36.355].
2.2 
Using OTDOA capability information for inter-frequency handover decision

In case of inter-frequency RSTD measurements are not supported by a UE, but inter-frequency RSTD measurements would be needed for successful OTDOA positioning (e.g., no PRS configured on the UE serving cell frequency layer), an eNodeB may perform an inter-frequency handover so that the target UE could perform intra-frequency RSTD measurements only. 
This would require some pre-configuration in the network; for example, configuration on used positioning methods for certain uses cases (e.g., emergency caller location (such as E911)). In this case, if the E-UTRAN detects this use case (e.g., emergency call), and if E-UTRAN is aware that OTDOA positioning is going to be used for this use case, and if E-UTRAN is aware that on the UE serving cell frequency OTDOA positioning is not possible (e.g., no PRS configured or too sparse eNodeB deployment on the serving cell frequency, and if the E-UTRAN knows that the UE does not support inter-frequency RSTD measurements, E-UTRAN may handover the UE to another frequency, so that intra-frequency RSTD measurements only would be possible for successful OTDOA positioning. Such a handover should ideally be completed before the OTDOA positioning session starts. 

The Figure in the Annex shows a simplified message sequence chart for the emergency call use case. The purpose of this Figure is to show when a positioning session as part of the overall emergency call procedure may typically happen, and when the E-UTRAN could decide on performing an inter-frequency handover to allow successful OTDOA positioning, dependent on the UE inter-frequency RSTD measurement capabilities.

As shown in the Annex, the E-UTRAN could be aware of an emergency call during the RRC Connection Establishment procedure when the UE was in idle mode. In that case, the RRC establishment cause will indicate “emergency call”, and therefore, the E-UTRAN could decide quite early whether an inter-frequency handover may be desired.

Otherwise, the E-UTRAN would be aware of an emergency call from the priority level included in the ARP parameter in the S1-AP Bearer Setup Request (36.413 section 9.1.3.1) sent from the MME to the E-UTRAN as part of establishing an emergency PDN connection. At this point (at the latest), the E-UTRAN is aware of an emergency call and could decide on whether an inter-frequency handover may be desired.
For instigating the positioning procedure for emergency caller location, there exist several options.  Three of them are shown in the Annex:
1) In case of (control plane) EPC-NI-LR, an MME could instigate the location procedure as soon as the MME detects an emergency call. This may happen (at the earliest) after the emergency attach or emergency bearer setup (Step 2 in the Annex).
2) In case the IMS Core requests routing/location information prior to routing the call to the MGCF or PSAP, the location procedure may be instigated after the IMS Core receives the SIP INVITE for the emergency call (Step 7 in the Annex). The location procedure may then be a (control plane) EPC-NI-LR or a (user plane) SUPL session.

3) At any time after the emergency call has been established, the GMLC/LRF may receive an emergency location request from the PSAP. The GMLC/LRF may then either use a (control plane) EPC-NI-LR or a (user plane) SUPL session for determining the UE location.

In case of options 2) and 3) above, it is quite likely that any inter-frequency handover instigated by the E-UTRAN after detecting the emergency call  will be completed before the UE positioning procedure starts (since all the IMS registration and emergency call setup process happens before the positioning session), although, there is no guarantee.  

In case of option 1) it is more likely that the positioning procedure starts before the inter-frequency handover is triggered, or before it is complete. Therefore, in this case (and for a small likelihood in case of options 2) and 3) above), an E-SMLC or SLP may have an old serving cell ID when starting the positioning session. However, the E-SMLC or SLP can verify the current serving cell at any time.
When the inter-frequency handover happens during the (LPP) positioning session, the result of the location procedure may depend on various factors. In general, the RSTD measurement procedure at the UE continues after handover. If the location server knows the bands supported by the UE (and knows that the UE does not support inter-frequency RSTD measurements according to proposal 1 above), a location server may provide OTDOA assistance data for each band supported by the UE. After inter-frequency handover happens, a UE may either report the so far obtained intra-frequency measurements, or may continue after handover using the assistance data for the new serving cell frequency. 
A UE may also request new OTDOA assistance data after handover, using the LPP OTDOA‑RequestAssistanceData message, which includes the UE serving cell, and a location server provides new OTDOA assistance data accordingly.

In the worst case, the OTDOA positioning session may fail due to the inter-frequency handover. I.e., a UE may not always be able to continue the measurements after handover, or does not request new assistance data, etc. In that case, the UE may report an LPP OTDOA positioning error. The E-SMLC or SLP may then restart the OTDOA positioning procedure, after obtaining the new serving cell ID from the UE. This would result in a small delay, but the OTDOA positioning would be successful after all. 
Observation 2: 
In case of an UE not supporting inter-frequency RSTD measurements for OTDOA, but inter-frequency RSTD measurements would be needed for successful OTDOA positioning (e.g., in case of PRS are not deployed on the serving cell frequency, or in case there are not enough positioning neighbours available on the serving cell frequency), it is possible for a network to handover the UE to another frequency so that intra-frequency RSTD measurements only can be made for OTDOA positioning (e.g., for E911).
However, the above described handover procedure should only happen in case a UE does not support inter-frequency RSTD measurements, and not e.g., by default, in order not to handicap any load balancing mechanisms. In addition, because of high priority of emergency calls, every handover for an UE could potentially lead to a dropped call. Therefore, an inter-frequency RSTD measurement capability indicator should not only be included in LPP, but also in RRC, so that the E-UTRAN would be aware of the UE inter-frequency RSTD measurement capabilities as well.

Proposal 2: 
It is proposed to add an inter-frequency RSTD measurement support indicator to the Rel-10 RRC UE-EUTRA-Capability IE [TS 36.331].
3. 


Conclusion

This contribution discussed the need for a UE capability indicator in LPP and RRC for support of inter-frequency RSTD measurements. In particular, the following was observed:

Observation 1: 
A location server does not know the UE inter-frequency RSTD measurement capabilities, and therefore, is not able to select optimal OTDOA assistance data, or an appropriate (alternative) positioning method, when needed. 
Observation 2: 
In case of an UE not supporting inter-frequency RSTD measurements for OTDOA, but inter-frequency RSTD measurements would be needed for successful OTDOA positioning (e.g., in case of PRS are not deployed on the serving cell frequency, or in case there are not enough positioning neighbours available on the serving cell frequency), it is possible for a network to handover the UE to another frequency so that intra-frequency RSTD measurements only can be made for OTDOA positioning (e.g., for E911).
Therefore, the following is proposed: 

Proposal 1: 

It is proposed to add an inter-frequency RSTD measurement support indicator to the Rel-10 LPP OTDOA‑ProvideCapabilities message [TS 36.355].
Proposal 2: 
It is proposed to add an inter-frequency RSTD measurement support indicator to the Rel-10 RRC UE-EUTRA-Capability IE [TS 36.331].
CRs for proposal 1 and 2 are provided in tdoc R2-133137 and R2-133139, respectively. 
Annex:
Example Message Sequence for Emergency Call (simplified)
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1. Following an emergency call invocation from the user, the UE will emergency attach to the EPS or if already connected to EPS, request a PDN Connection for emergency bearer services.

As part of the RRC connection establishment procedure, the UE EUTRAN radio access capabilities are obtained by the EUTRAN. 

If the UE was in RRC idle mode before emergency call invocation, the RRC establishment cause will indicate “emergency call”, and therefore, the EUTRAN could decide already at this point whether an inter-frequency handover may be desired. 
2. The MME may optionally initiate the EPC-NI-LR procedure as soon as the MME has detected an emergency call (otherwise this may happen at Step 7b or 11b below). In this case, the MME selects an E-SMLC and sends a Location Request message to the selected E-SMLC at step 2a. The Location Request includes (among others) the identity of serving cell and UE capability to support LPP. The EPC-NI-LR continues then in parallel to the emergency call establishment procedure, as described in TS 23.271. In particular, the E-SMLC instigates a LPP Position Session for OTDOA in this example. 

When a location estimate has been obtained, the E-SMLC returns a Location Response to the MME. The MME may determine the GMLC and emergency services client and may send a Subscriber Location Report to the GMLC. The GMLC acknowledges the receipt of the location estimate provided that the associated LRF serves the emergency services LCS client and the client is accessible.  

The LRF associated with the GMLC treats the received location estimate as described in TS 23.167; e.g. may use the location information to assist routing of the emergency session to the PSAP/emergency centre and/or may transfer the location information to the emergency services LCS client immediately or upon request from the client. 
3. The network configures a new data radio bearer, associated with the default EPS bearer context. The RRC Connection Reconfiguration message contains the ACTIVATE DEFAULT EPS BEARER CONTEXT REQUEST message. The APN is set to the APN defined for emergency bearer services.

At this point (at the latest), the EUTRAN is aware of an emergency call, and could decide whether an inter-frequency handover may be desired.
4. The UE transmits an RRC Connection Reconfiguration Complete message to confirm the establishment of the new data radio bearer, associated with the default EPS bearer for emergency call and an ACTIVATE DEFAULT EPS BEARER CONTEXT ACCEPT message.

The network may then configure a new data radio bearer, associated with the dedicated EPS bearer context and sends an RRC Connection Reconfiguration message which contains the ACTIVATE DEDICATED EPS BEARER CONTEXT REQUEST (not shown). The UE then transmits an RRC Connection Reconfiguration Complete message to confirm the establishment of the new data radio bearer, associated with the default EPS bearer for emergency IMS signalling (not shown). Finally, the UE transmits an ACTIVATE DEDICATED EPS BEARER CONTEXT ACCEPT message (not shown).
5. The UE performs an emergency registration with the serving IMS [TS 23.167].
6. The UE sends an SIP INVITE for the emergency call to the IMS in the network.

7. The IMS Core may request routing/location information from the LRF at Step 7a prior to routing the call to the MGCF or PSAP [TS 23.167]. The LRF may already have the information requested by IMS core (e.g., in case of Option 1 is performed at Step 2) or the LRF may request the UE's location information at Step 7b. The procedures of Step 10 or 11 may then already happen at this step 7b, and the LRF sends the location (and/or the routing) information to the IMS core at Step 7c.

The IMS core may use the routing information to select an emergency centre or PSAP and may send the location information to the emergency centre or PSAP (not shown).
8. If Step 7 has not been performed, or if an updated location is requested, the PSAP may send a location request to the LRF. 

9. If Option 1 at Step 2 or Option 2 at step 7 has been performed to obtain the UE location, the LRF may send the location to the PSAP at Step 9. 

10. If Option 1 or Option 2 has not been performed (or if an updated UE location is required), the LRF may instigate a UP SUPL procedure at this stage (Option 3), or may instigate a EPC-NI-LR procedure (Option 4 as shown at Step 11 below) to obtain the UE location. The LRF then sends the obtained UE location to the PSAP at Step 10d.
11. If Option 1 or Option 2 has not been performed (or if an updated UE location is required), the LRF may instigate a EPC-NI-LR procedure (Option 4) to obtain the UE location. Step 11b in this case is the same as Steps 2a-2c. The LRF then sends the obtained UE location to the PSAP at Step 11c.
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