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1. Introduction

At RAN2 meeting #66bis, there were discussions on the possible benefits of transferring E-SMLC capabilities to a UE in LPP.  This document identifies a number of reasons to support this transfer.
2. Efficiency of Location Procedure
2.1. Current procedures

A main counterargument for not transferring E-SMLC capabilities to a UE is that the E-SMLC is expected to completely control every positioning session, telling the UE which position methods to use and which measurements to obtain. This generally implies that the E-SMLC would know the UE capabilities, which means an LPP request/response transaction between the E-SMLC and UE (to obtain the UE capabilities) must take place before the main positioning transaction can start.

For an MO-LR for self location, the UE can start the session by including an LPP message in the MO-LR request sent to the MME, with the LPP message being then transferred by the MME to the E-SMLC as part of the initial location request. This initial LPP message can include the UE capabilities, enabling the E-SMLC to position the UE through a further 2-message exchange. The return of the computed UE location back to the UE in the MO-LR response can then complete the session. A 4-message exchange is then minimally needed, as shown in Figure 1.
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Figure 1: MO-LR using 4-message exchange with the UE
A similar analysis would lead to a four-message exchange with the UE in a minimum case for an MT-LR, as shown in Figure 2.
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Figure 2: MT-LR using 4-message exchange with the UE
Here the UE cannot indicate its capabilities until it has been triggered to do so by the E-SMLC, so the 4-message LPP exchange is evident and seemingly intractable.  However, as we shall se below, there are actually cases where providing the E-SMLC capabilities to the UE will allow streamlining of this flow.

2.2. Abbreviated MO-LR
Since an MO-LR is initiated by the UE, it is the transaction that benefits the most from UE knowledge of the E-SMLC’s capabilities.  In the likely case that the UE is associated with a single E-SMLC over a long period, the UE can store the server’s capabilities from a previous location session and use them in generating an initial LPP message for use when the MO-LR is triggered.  For instance, the MO-LR request could be accompanied by location measurements that the UE knows the E-SMLC can support, and that will enable an immediate MO-LR response containing a computed location.  A message flow is shown in Figure 3, overleaf.
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Figure 3: MO-LR using 2-message exchange with the UE
Even if the UE does not have prior knowledge of the E-SMLC’s capabilities, or if it “guesses wrong” about the E-SMLC that will serve it for a particular positioning transaction, there is some chance (how good the chance is depends on deployment assumptions) that the E-SMLC will be able to make use of the supplied measurements.  If not, steps 4 and 5 of the figure will instead be replaced by other LPP messaging, most likely a request for additional measurements.  (The E-SMLC could also indicate its capability at this time.)  This worst-case scenario is similar to Figure 1, the normal MO-LR flow without provision of E-SMLC capabilities—thus the ability to provide these capabilities means that an MO-LR can often be made more efficient, with no cost even in the worst failure cases.
2.3. Abbreviated MT-LR
For an MT-LR, it might be assumed that there is no benefit from providing the E-SMLC capabilities to the UE, since the E-SMLC is already controlling the procedure.  However, the ability to provide these capabilities would actually make it possible for the E-SMLC to trigger an MT-LR, under reasonable assumptions, without first interrogating the UE for its capabilities, resulting in a more efficient 2-message flow.

To initiate the procedure, the E-SMLC can send the UE a request for location information (e.g. using A-GNSS), together with its own capabilities.  The E-SMLC might base its choice of method on deployment assumptions (e.g., if a strong majority of LPP-capable UEs whose HPLMNs have roaming agreements with the operator also support GNSS).  The UE can then return location information that is consistent with both the request and the E-SMLC capabilities, as well as sending its own capabilities to enable a further E-SMLC request should that prove necessary.  A message flow is shown in Figure 4, overleaf.
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Figure 4: MT-LR using 2-message exchange with the UE
As an example, if the E-SMLC requests GNSS measurements but does not indicate its OTDOA or E-CID capabilities, a UE in a difficult indoor or dense urban environment might return insufficient GNSS measurements to obtain a location. But if the E-SMLC at the same time indicates its capability to support E-CID and/or OTDOA, the UE can provide the associated measurements (even though they were not specifically requested by the E-SMLC) if it determines that not enough GNSS measurements will be possible.  If the UE did not know the E-SMLC’s capabilities, it is not clear what action it could take; it might return unsolicited measurements in hopes that the E-SMLC could make use of them, but this process would be a blind operation of uncertain utility and could add additional unnecessary delay.

It should be noted that this reduction to a 2-message exchange is already possible if the E-SMLC is willing to issue the initial request without certain knowledge of the UE capabilities.  However, if we simply modify the flow of Figure 2 by deleting the first LPP transaction—the exchange of UE capabilities—then the procedure takes place in an environment of mutual ignorance between the UE and the E-SMLC.  In this case, the UE does not know which additional measurements to provide and the E-SMLC will more likely need to issue a second request for location measurements than it would if the UE had been provided with the E-SMLC capabilities in the first request.
It can thus be seen that providing a UE with the E-SMLC capabilities can improve the efficiency of location procedures, reducing both signalling and response time.

3. Efficiency of Assistance Data Delivery
An E-SMLC will not always provide a UE with all the assistance data that may be needed to obtain a location or provide measurements consistent with the needed QoS, as to do so could be dreadfully wasteful; e.g., it could involve sending ephemeris data for all visible satellites for all GNSS constellations (in the case of UE based A-GNSS) or acquisition assistance or almanac data for all such satellites (in the case of UE assisted A-GNSS).

Hence a UE will sometimes need to request additional assistance data during an LPP session. However, if the UE does not know the E-SMLC capabilities, it may have to request more assistance data than it really needs—e.g., it might request ephemeris data, fine timing assistance, and acquisition assistance, even though the last item can be obtained from the first two. If the UE knows the E-SMLC’s capabilities, it can request only the first two if these are supported, expecting to derive the acquisition assistance itself; or it could request the first and third if these are supported but the second is not. Otherwise, if the E-SMLC capabilities are unknown to the UE, it is sensible for the UE to request all three, since it cannot be certain just what it should expect to receive.
One possible strategy, the logical extension of the example above, is for the UE to just request all the assistance data that it may possibly need.  Obviously, this approach will sometimes result in extra unnecessary signalling, and it may cause higher delay as well. An alternative strategy would be to request minimal assistance data and be prepared to request further assistance data if not all of the minimal data initially requested is supported by the E-SMLC; the results in this case will be better if the E-SMLC is able to provide the first minimal set, but extra roundtrips will be required otherwise.  Knowing the assistance data supported by an E-SMLC will allow a UE to request exactly the optimum assistance data needed, with minimal signalling and delay.

4. Efficiency of Location Measurement
An E-SMLC may ask a UE to provide measurements that will typically enable location to be obtained (consistent with the QoS) with the lowest delay and least amount of processing both in obtaining measurements and computing location. For example, an E-SMLC that supported several GNSS constellations and several signal types for each constellation might not always ask a UE to obtain a complete set of measurements for all constellations and all signals; a subset would often be enough. But if a UE was unable to obtain sufficient satellite measurements on a preferred constellation or constellations (e.g., because satellites were obscured in the UE location), it could then – conditionally – return measurements for other constellations known to be supported by the E-SMLC—but this would only be possible if the E-SMLC capabilities had been provided to the UE.

(It should be noted that such a procedure could still be under E-SMLC control; for instance, the signalling could include a flag to indicate whether the E-SMLC is willing to receive additional measurements of this kind.)

5. Usage for SUPL
In the case of SUPL, the location server is normally always the home SLP (H-SLP) in the UE's home network. So from the UE perspective, the SLP capabilities (unlike the E-SMLC capabilities) will not normally change—at least only when the H-SLP is upgraded. All of the benefits described above in having the UE know the location server capabilities will then apply to SUPL but, because the H-SLP capabilities can be stored in the UE, the efficiencies can become even greater, leading potentially to very short SUPL transactions.

6. Conclusion
It has been shown that enabling the provision of E-SMLC capabilities to a UE can improve the efficiency of location procedures (signalling, processing and delay), improve assistance data transfer, enable more appropriate location measurements to be obtained by a UE and better support SUPL. The penalty for this in terms of extra implementation seems small in the E-SMLC and can, if preferred, be avoided by making this capability optional.

Based on this analysis, it is recommended to include this capability as an option in LPP in Rel-9.
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