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Discussion
1. Introduction

At RAN3#77, an LS was received from CT4 [1] regarding possible issues in LPPa end-to-end routing, and suggesting a fix in CT4 specifications. It was however left to RAN3 to decide whether an alternative fix could be implemented in LPPa, and discussion was facilitated by [2]. After considerable offline discussion, it was finally decided to avoid rushing into a decision, and instead reopen the issue at RAN3#77bis.

This paper is an input to this discussion, and in particular we consider the general approaches to end-to-end routing in both LPP and LPPa before defining possible options.

2. Routing in LPP
It is interesting to consider first how LPP routing is implemented. The following diagram summarizes this in a simple format for the case where NAS transport is used (i.e. control plane architecture). [3,4,5,6,7,8]. We only deal with UE-associated messages:
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It can be seen that the correlation ID (originally generated by the MME when issuing a positioning request to the E-SMLC) is carried end-to-end in protocol specific IEs which are external to the LPP protocol itself. Note that the information contained in the Additional Information IE in NAS is also referred to as Routing ID, but is clearly meant to be filled with the Correlation ID [4] . The MME uses the information received in one protocol to derive the information (correlation ID) needed for the other, and the end points use the correlation ID to anchor all messages related to this session.
In addition, if we consider the specific coding of LPP [8], it can be seen that every message carries the following fields
	Field
	Role

	Transaction ID
	Identify messages belonging to the same transaction

	Transaction End Flag
	Indicate when a transaction (e.g. one with periodic responses) has ended

	Sequence Number
	Enable detection of a duplicate LPP message at a receiver

	Acknowledgement
	Enable an acknowledgement to be requested and/or returned for any LPP message


For our discussion, it is the Transaction ID that is of more interest. One important point to note is that the Transaction ID IE has a range of (0..255). From this, it seems clear that the Transaction ID cannot possibly be unique within the E-SMLC in a general case (considering for example that the correlation ID contains 3 octets, and that there could be multiple transactions ongoing for a given session). 

This leads to the following observation:

Observation 1:  When receiving LPP messages on LCS-AP, the E-SMLC needs to receive correlation ID to distinguish different positioning requests. Therefore the LPP protocol requires “out of band” signalling in order for the receiver to determine the positioning context that is the subject of the received message.

Observation 2: The Transaction ID only makes sense in the context of a particular positioning session, defined in the control plane by the Correlation ID.

We now proceed to analyse the routing for LPPa.
3. Routing in LPPa
A similar diagram may be drawn for LPPa [3,6,9]:
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There are two significant differences between the LPP and the LPPa diagrams: the correlation ID is not available in the LCS-AP uplink messages (specifically for the case of LPPa), and anyway the Routing ID cannot be equated to the Correlation ID, because the range is limited (0..255), and [6] states that the routing ID identifies the E-SMLC (at the MME).
Then when considering the LPPa protocol, we find two IDs of relevance to identify contexts, i.e.

· LPPa Transaction -> (0..32767)
· eNB/E-SMLC Measurement ID, both (1..15, …)

Note that the range of LPPa Transaction ID is much larger than that found in LPP, and may well be sufficient to ensure uniqueness of the Transaction ID for a particular initiator (which is not the case in LPP). However also unlike LPP, stage 3 [10] is very clear in stating that the transaction ID identifies a procedure. Therefore in all cases where more than one procedure is involved in a positioning session, the E-SMLC may have no means to correlate a given message (e.g. new procedure initiated by the eNB) with a particular positioning session / correlation ID. This is essentially the problem to be solved.
We can also make some observations here:

Observation 3: LPPa structure could also have operated in a similar way to LPP, i.e. using correlation ID end-to-end. However this is not possible currently since the length of routing ID is limited.

Observation 4: It is not obvious that the problem resides in LPPa. As with LPP, there is no requirement for the protocol to be self-contained (i.e., without “out –of-band” information).

Observation 5: The MME needs anyway to perform some mapping in the DL, specifically to map correlation ID to the specific UE and related S1AP association.
Overall, it can be seen that the design of the various protocols is inconsistent as far as handling of the multiple-procedure case is concerned, resulting in the current problem. For the same reason, solutions may be constructed in different ways.
4. Brief analysis of solutions
Essentially the solutions can be grouped in two types [1,2]:
1. LPPa internal solutions

2. External ID / routing solutions

The first group comprises enhancements of IDs internal to LPPa (e.g. increase the range of measurement ID, or enforce a change in the assignment of Transaction ID, or even introduce a new ID). These solutions have the benefit of not impacting the existing MME signalling or routing. However, they do change the behaviour and/or LPPa signalling at the endpoints, and in particular, they reinforce a situation whereby the processing of the LPP PDUs at the E-SMLC is significantly different from LPPa PDUs . It may also be asked why the MME LCS-AP/S1 mapping needs to remain simplified in the UL, when it clearly cannot be simplified in the DL.
The second group is based on the CT4 solution, i.e. reinstate the Correlation ID in the uplink LCS-AP message (see diagram). As we have seen, this breaks no requirements on LPPa and in fact it provides a more consistent handling of Connection Oriented LCS-AP messages both at the E-SMLC and the MME. Obviously this has some MME impact, but it is interesting to consider further the functional impact (beyond signalling) as this may not be so obvious.
Functional impact on MME: the first and obvious impact is that the MME must be able to map the S1AP UE IDs back into a correlation ID (the reverse of the DL process). In principle this does not seem overly complex, and as already pointed out, it cannot be avoided in the DL anyway.
However one complicating factor is that the relationship between correlation ID and a specific UE is not bijective (in other words, there could be multiple correlation IDs associated with the same UE). Therefore it is in principle possible for the MME to face an ambiguity in the Uplink direction. Note that the MME could “randomly” choose one of the possible correlation IDs, but this then requires the E-SMLC to check if multiple correlation IDs exist for the same IMSI, and then proceed to match by checking transaction and measurement IDs at LPPa level.
Other possible solutions are:

· MME does not initiate (or allow to initiate) multiple sessions in parallel regarding the same UE. This enforces a one-to-one mapping and resolves the problem.

· MME could extend the use of the routing ID. Routing ID is meant to indicate the target E-SMLC, and is simply echoed by the eNB. But it is obvious that its use as a pointer could be changed to indicate the correlation ID on a per-UE basis (and hence, indirectly, the E-SMLC too). In this case, the MME would simply associate a number with each correlation ID assigned to a UE, and send this to the eNB. When the eNB echoes this value in uplink messages, the MME can retrieve the correct correlation ID, and include this in the LCS-AP message. Note that this has no eNB or signalling impact – it represents a simple behaviour change in the MME.
· Finally it would be simple to extent the DL and UL S1AP LPPa Transport Messages to also include the Correlation ID, thus avoiding any translation need at the MME (similar to LPP). This does however impact S1AP directly as well as some behaviour at the eNB (although handling is the same as for the existing Routing ID i.e. store and echo back in related uplink S1AP messages).
4. Conclusions
This paper has examined the LPPa issues associated with routing and correlating messages of different procedures which belong to the same session. It has been argued that on one hand, there is no requirement for the LPPa protocol to provide this association/correlation function in a self-contained manner, and conversely, it is possible to define MME-based solutions which are viable and robust. 
Nevertheless, both LPPa and non-LPPa fixes are feasible; and also all possible fixes impact legacy release behaviour and /or signalling (differing only on which interfaces and nodes are impacted). This paper’s objective is to contribute towards a better characterization of such impacts, and RAN3 is requested to consider these before making a decision on the approach. 
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