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1
Introduction
Various messages and information elements in LPP (3GPP TS 36.355) allow providing indication of a UE “serving cell” to the server (E-SMLC or SUPL SLP). This information is usually used by the server to provide proper assistance data to the UE. Since the “serving cell” terminology is not meaningful for a Carrier Aggregation (CA) capable UE, the Release 10 version of LPP allows providing indication of a UE primary cell (PCell) to the server. 
For OTDOA location, RAN4 defined RSTD measurement requirements also for E-UTRA carrier aggregation.  For a UE configured with one or more downlink secondary cells (SCells) and RSTD measurements, which are obtained when the reference cell and neighbouring cell do not belong to the same carrier, the inter-frequency RSTD requirements apply. However, compared to inter-frequency measurements in a non-CA configuration, measurement gaps are not needed with carrier aggregation. 
If the server is aware of the configured primary and secondary downlink cells of the target, the server could select proper OTDOA assistance data for inter-frequency RSTD measurements such that no measurement gaps at the UE are required. This makes inter-frequency RSTD measurements easier for both, UE and E-UTRAN. 
This contribution proposes to add support for indication of multiple serving cells of a target in LPP messages.

2 
Providing Serving Cell Information to the Server
2.1
Background

In the case of LPP operating over the LTE control-plane architecture, the target serving cell information is provided via the SLs interface using the Request Location message of the LCS-AP protocol between the MME and the E-SMLC, as defined in 3GPP TS 29.171.  In case of SUPL, the serving cell information is provided end-to-end between the SET and the SLP as part of the SUPL ULP messaging. Providing the serving cell information via the above mentioned mechanisms is not always reliable, e.g., as indicated in 3GPP TS 23.271, clause 9.1.15.1:
The MME selects a E-SMLC as described in clause 6.3.13 and sends a Location Request message to the selected E-SMLC. Once an MME has selected an E-SMLC it must continue to use that E-SMLC for the duration of the session. The Location Request includes the type of location information requested, the requested QoS, identity of serving cell, UE location capabilities and, if available, the Service Type. If this step is performed after the MME receives the NAS Location Notification Return Result in step 5, the Location Request message contains the identity of the serving cell obtained from the S1-AP message that carries the NAS Location Notification Return Result.

NOTE:
If the UE is in connected mode and step 6 is performed without receiving NAS Location Notification Return Result in step 5, the MME may not have the most current serving cell identity if there was an intra-eNodeB handover.

Therefore, the UE may also identify its serving cell in a message that reports positioning measurements to the E-SMLC or SLP. This is usually done in LPP via basic CID or E-CID messaging. The ECID-ProvideLocationInformation can provide (solicited or unsolicited) the UE serving cell ID to the server.
2.2
Support for multiple serving cells

In order to provide indication of the UE multiple serving cells for OTDOA inter-frequency measurements to the server, the messages which include the serving cell ID need to be updated to include multiple serving cells. This would impact:

a) Sl-AP; LCS-AP Location Request message (29.171);
b) S1-AP; Location Reporting Messages (36.413); and probably
c) LPPa; E-CID Measurement Result.
Therefore, there would be impacts to MME and eNodeB. However, since an end-to-end solution via LPP is anyhow needed (e,g., for the reasons indicated in section 2.1 above and for SUPL support), it is proposed to skip the update of the interface specification (a)-(c) above, and add support for multiple serving cells to LPP only.
Proposal 1:
 Add support for UE multiple serving cells to LPP only.

2.2.1
OTDOA support in case of multiple serving cells via LPP
One possible message sequence for OTDOA support would be to request OTDOA location information first. Since OTDOA measurements at the UE are only possible with assistance data (e.g., because of needed PRS information), a UE would then usually request OTDOA assistance data. E.g.,
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1. LPP Request Location Information

[commonIEsRequestLocationInformation {responseTime};

otdoa-RequestLocationInformation{assistanceAvailabiliy=TRUE}]

2. LPP Request Assistance Data

[commonIEsRequestAssistanceData {primaryCellID};

otdoaRequestAssistanceData{physCellID}]

3. LPP Provide Assistance Data

[otdoa-ProvideAssistanceData{

otdoa-ReferenceCellInfo;

otdoa-NeighbourCellInfo}]

4. LPP Provide Location Information

[otdoa-ProvideLocationInformation {

otdoaSignalMeasurementInformation }]


If the LPP message at step 2 would indicate not only the UE primary cell ID, but also possible secondary cell IDs, the server could provide sensible OTDOA inter-frequency assistance data at step 3 taking the secondary cell IDs into account. In that way, there would be no need for the UE to request measurement gaps in order to perform the inter-frequency RSTD measurements.
Proposal 2: 
Add support for indication of possible SCells in CommonIEsRequestAssistanceData and OTDOA-RequestAssistanceData IEs. 

However, a UE may at step 2 above not request assistance data. A valid UE response at step 2 would also be a LPP Provide Location Information message including the otdoa-Error IE indicating assistance-data-missing. This may in particular be the case if the LPP responseTime in step 1 is rather short. In that case, a server would usually start a new transaction, but pushing assistance data before a location request. Also, since assistance data are needed for OTDOA anyhow, a location server in practice may in any case push OTDOA assistance data before a location request. E.g.,
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2. LPP Request Location Information

[commonIEsRequestLocationInformation {responseTime};

otdoa-RequestLocationInformation ]

1. LPP Provide Assistance Data

[otdoa-ProvideAssistanceData{

otdoa-ReferenceCellInfo;

otdoa-NeighbourCellInfo}]

3. LPP Provide Location Information

[otdoa-ProvideLocationInformation {

otdoaSignalMeasurementInformation }]


In case of (the more reasonable) message sequence shown above (i.e., push of OTDOA assistance data before a location request), the server would have to rely on the serving Cell ID provided via the LCS-AP Location Request message or via SUPL ULP messages. In that case, the server would not be aware of possible configured downlink SCells at the target, and therefore, cannot provide optimal inter-frequency OTDOA assistance data. 
In order to obtain most current serving cell information at the server, a server may request (E)CID measurements from a target before providing assistance data. E.g.,
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1. LPP Request Location Information

[commonIEsRequestLocationInformation ;

ecid-RequestLocationInformation]

2. LPP Provide Location Information

[ecid-ProvideLocationInformation {

ecid-SignalMeasurementInformation }]

3. Message Sequence for (OTDOA) Positioning


The ecid-ProvideLocationInformation IE at step 2 above would include (at minimum) the serving cell ID. In this case above, the server would have the most current serving cell ID of the target available to provide proper positioning assistance data to the target without relying on e.g., LCS-AP information, which may not always provide the most current serving cell identity. 

In order to obtain also information of possible configured downlink SCells at the server, the ecid‑SignalMeasurementInformation IE should be updated to explicitly indicate measurements performed on configured secondary cells. 

Proposal 3: 
Add support for explicit indication of (E)CID measurements performed on possible SCells in ecid-SignalMeasurementInformation IE. 

Since the server may not always need (E)CID measurements performed on possible configured downlink SCells (e.g., in case the current serving cell ID is needed only for GNSS positioning), it is proposed to add an explicit request for SCell measurements in the ECID-RequestLocationInformationIE. 
Proposal 4: 
Add support for explicit request of (E)CID measurements on possible SCells in ecid‑RequestLocationInformation IE. 

It is also beneficial for the server to know in advance whether a UE is CA capable or not. E.g., the server may rely on the provided serving cell ID via LCS-AP or SUPL ULP signalling, if the target is not CA capable. I.e., in that case, the server may skip any (E)CID message exchange before the actual OTDOA location messaging. Therefore, it is proposed to add indication whether the target device is E-UTRA carrier aggregation capable or not to the UE positioning capabilities. 

Proposal 5: 
Add the target support indication for E-UTRA carrier aggregation to the ecid‑ProvideCapabilities IE.
3
Summary

This contribution proposes to add support for indication of multiple serving cells of a target in LPP messages, in order to allow a server to provide sensible OTDOA assistance data for inter-frequency measurements without the need for measurement gaps.
Proposal 1:
Add support for UE multiple serving cells to LPP only.
Proposal 2: 
Add support for indication of possible SCells in CommonIEsRequestAssistanceData and OTDOA‑RequestAssistanceData IEs.
Proposal 3: 
Add support for explicit indication of (E)CID measurements performed on possible SCells in ecid‑SignalMeasurementInformation IE.
Proposal 4: 
Add support for explicit request of (E)CID measurements on possible SCells in ecid‑RequestLocationInformation IE.
Proposal 5: 
Add the target support indication for E-UTRA carrier aggregation to the ecid-ProvideCapabilities IE.
A CR for LPP Release 11 is in R2-120769.
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