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1 Introduction

RAN3 #77 saw intense discussions on the use of Correlation ID and its interaction with LPPa and LCS-AP. Among other things, LCS-AP is used by the MME to transport LPPa messages between the E-SMLC and the eNB, and the Correlation ID enables the association of the response with the location request when more than one measurement procedure is ongoing for the same UE with the same E-SMLC.
A problem with the current version of the LCS-AP specification [3] was identified by CT4, who also found an appropriate solution [4]. CT4 then notified RAN3 [1], asking whether RAN3 wanted to solve the same issue in LPPa instead. CT4 postponed the approval of the solution, and is now waiting for our reply.

In this paper we try to clarify the issue, discussing possible solutions, and we propose a way forward.
2 LPPa and LCS-AP
The protocol stack for LPPa according to [6] is shown in Figure 1 below.
LCS-AP is used to transport LPPa messages between the MME and the E-SMLC. In current LCS-AP, a parameter called Correlation ID is present when carrying an LPPa message from the E-SMLC to the MME, but absent in the other direction [3]. As explained by CT4 [1], this implies that the E-SMLC that receives the message must rely on the LPPa message contents to determine which target UE the message refers to. LPPa has both Class 1 and Class 2 procedures: in the former, the LPPa Transaction ID is identical for request and response messages, and can therefore be used by the E-SMLC for this purpose; in the latter, the Transaction ID may be different between the responses from the eNB (there may be several) and the originating request from the E-SMLC [2].
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Figure 1 Protocol stack for LPPa signaling.
For LPPa Class 2 procedures, therefore, the only possible identifier that E-SMLC currently has to rely on to correlate request and responses is currently the E-SMLC UE Measurement ID, which uniquely identifies each measurement within the E-SMLC. The E-SMLC UE Measurement ID is currently limited to 15 values, so this severely limits the number of concurrent periodic measurements by an E-SMLC toward a given eNB. The eNB has an equivalent of the E-SMLC UE Measurement ID, and it is called the eNB UE Measurement ID.

LPPa has one mechanism to associate request and response (the Transaction ID) and another mechanism to associate several messages belonging to the same E-CID measurement instance (the pair of Measurement IDs).
Observation 1: Each UE interested by a positioning measurement is uniquely identified by the triplet: UE context – E-SMLC UE Measurement ID – eNB UE Measurement ID.
2.1 The Solution Agreed by CT4
CT4 discussed that the issue above can be solved by simply making the inclusion of the Correlation ID in the LCS-AP message by the MME mandatory in both directions, thus enabling correlation between request and responses by the E-SMLC without relying solely on the E-SMLC Measurement ID [4]. It is worth noting that this solution does not impact either the eNB or the E-SMLC.
Observation 2: The CT4 solution impacts only the MME, but not the eNB or the E-SMLC.
Let us analyze the impact of this solution on the MME.
With the status quo, the MME receives a Correlation ID included by the E-SMLC in a LCS-AP message for a given eNB, discards it, and routes the contained LPPa message to the appropriate eNB. When receiving responses from the eNB, the MME will route them to the appropriate E-SMLC. In this case the MME unpacks the LPPa messages contained in LCS-AP from the E-SMLC and repackages them in S1AP toward the eNB, and vice versa on the way back.
With the CT4 solution, the MME receives a Correlation ID included by the E-SMLC in a LCS-AP message for a given eNB, associates it with the context of the UE that is about to get measured, stores it, and routes the contained LPPa message to the appropriate eNB. When receiving responses from the eNB, the MME will include the Correlation ID for the UE being measured and route them to the appropriate E-SMLC. The only additional action required by the MME is the association of the received Correlation ID with the appropriate UE context, which is information it already has and uses for all other functionality. This does not significantly add to the processing load of a properly designed MME. It is also worth noting that such use of the Correlation ID was already present in [3]. It was removed by CT4 [7] following the RAN3 decision to use the E-SMLC ID to route both connectionless and connection-oriented LPPa messages by the MME [8].
Observation 3: The CT4 solution only requires the MME to associate and store the Correlation ID together with already available information, without a significant load increase.

The CT4 solution requires the MME to keep track of the association between LPPa Class 2 responses and the request which originated them. But LPPa Stage 2 states: “The MME need not retain state information for this transfer – e.g. can treat any response... as a separate non-associated transfer.” (LPPa PDU transfer for UE positioning, Sec. 6.5.2 of [6]) So it looks like there might be an inconsistency between LPPa Stage 2 and the CT4 solution, and in fact such a possibility was considered at RAN3 #77.
It is worth noting that the CT4 solution does not affect LPPa in itself. It does not introduce state information within an LPPa procedure, but it merely provides an additional aid to correctly transport LPPa messages. In this respect, we believe the self-consistency of LPPa is not affected and an update to LPPa Stage 2 [6] is not required.
Observation 4: The CT4 solution does not require updating LPPa Stage 2 (i.e. it has no impact on RAN3 specifications).
2.2 Other Proposed Solutions
In [5] a couple of alternatives to the CT4 solution are described.
We could consider extending the number of possible UE Measurement IDs, currently limited to 15 [2]. Given the possible large number of concurrent ongoing measurements, a new maximum value would have to be quite high, possibly in the order of a few hundreds. Together with the fact that it impacts both the eNB and the E-SMLC, we do not believe this is feasible.
Observation 5: Increasing the maximum value for E-SMLC/eNB UE Measurement ID is not a feasible alternative.
Another approach would be to mandate that the eNB reuses the same LPPa Transaction ID for all measurements (i.e. Class 2 procedures) related to the same request from the E-SMLC [5]. We see issues with this approach on several levels. Considering the protocol architecture, this would transform LPPa Class 2 procedures into Class 1 procedures: it looks like this would significantly alter the protocol concept. Another related impact on current architecture model is that this seems to go against Observation 1 above, by removing the dependency on UE context. Lastly, considering the impact on implementation, this approach will affect both the eNB (which will have to keep the procedure context also for Class 2 procedures), and the E-SMLC (which will now need to compare the Transaction IDs of different Class 2 procedures). The only node which is unaffected is the MME.
Observation 6: Mandating the same LPPa Transaction ID across multiple Class 2 procedures “spares” the MME at the cost of altering the RAN3 LPPa protocol concept and significantly affecting both the eNB and the E-SMLC.
2.3 A Quick Comparison
Table 1 below summarizes the impacts of the three options discussed above.
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Table 1 Impact of the options discussed in this paper.
Given the analysis and the comparison above, we propose:
Proposal 1: RAN3 should reply to CT4 that their agreed solution is the preferred one. A draft reply LS is provided in [9].
3 Conclusions and Proposal
In this paper, we have summarized the issues related to the transport of LPPa over LCS-AP through the MME, as per the discussion in CT4 and in RAN3.

The solution agreed by CT4 has no impact on RAN3 specifications, no impact on the eNBs or the E-SMLC, and a low impact on the MME. All other proposed alternatives try to resolve the issue in RAN3 instead of CT4 where it all started. In particular, they aim to “spare” the MME at the cost of impacting the eNB and the E-SMLC. In case of reusing the same LPPa Transaction ID across multiple procedures, as proposed, such impact can be quite significant. We therefore propose:
Proposal 1: RAN3 should reply to CT4 that their agreed solution is the preferred one. A draft reply LS is provided in [9].
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