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1 Introduction

Last RAN2 meeting agreed that both integrated and stand alone LMUs will be supported.  Further, RAN2 listed possible three architectural options (not exhaustive):

Three architecture options identified so far:

a) 
eNB involved: LLPa

b) 
eNB involved: X2
c) 
transparent overlay; i.e. SMLC communicates to all LMU's via an overlay signalling network. The overlay signalling network could be routed via eNB's.

Other points discussed included which entity should perform LMU selection and handling SRS updates.
This contribution discusses these architectural issues in more detail.

2 Discussion

2.1 Nature of signalling requirements:
At the high level the signalling requirement is fairly simple – provide the LMUs with the SRS configuration and messaging to provide the measured results back to eSMLC.  The SRS configuration is available in the serving eNB.  These are discussed in more detail below.
The required signalling can be classified as follows:

1) Set up related assistance information: This could be “static” assistance information such as LMU location etc. (this could also be directly provisioned).  This is not real time signalling and the end points are LMU and eSMLC. Different options exist for this signalling depending on the chosen architecture.

2) Triggering of UTDOA measurements: This is the first message of the start of the positioning request.  In case of X2 based solution, it is to request serving eNB to send SRS information tp LMUs and in case of eSMLC based, it is to request SRS information.  The end points of this information is serving eNB and eSMLC.  There is no reason to do anything different from what is used in Rel-9 – that is to use LPPa as the protocol and routing through the MME.

3) Assistance information to the LMUs:  This is ssentially SRS related info for LMU to perform measurements. There are two fundamental approaches here

a. eSMLC based: in this approach the SRS information sent back to eSMLC and then forwarded by eSMLC to LMUs

i. SRS to eSMLC: The end points of this signalling is serving eNB and eSMLC.  Again, use of LPPa and routing through MME seems obvious choice.

ii. SRS to LMUs: The end points for this signalling is eSMLC and LMUs.  Different options exist for this signalling depending on the chosen architecture

b. Serving eNB (X2) based: In this approach the eNB provides the SRS information to the LMUs directly.  This could be through X2 or directly between the serving eNB and LMUs.  Protocol for this could be an LPPa extension or a new defined protocol (say LPPb)

4) Transfer of Measurement report: The measurement results from LMU are sent to eSMLC.  The end points for this signalling is eSMLC and LMUs.  Different options exist for this signalling depending on the chosen architecture.

2.2 Architectural choices

Based on the decision last meeting to support a standalone and integrated LMU, several architectural choices are possible to meet the above and future signalling requirements.  The underlying architectural assumption is naturally to start from the LCS architecture of Rel-9.  
2.2.1 Standalone LMU

For an eSMLC based architecture, there are (at least) two different solutions possible here as captured below.
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Figure 1: Figures 1a (left) and 1b (right) showing two possible architectural solutions based on Rel9 architecture

In the first architecture, the LMUs are logically connected to the MME (including routing at transport layer through eNB).  A new logical interface (which may use a new physical interface) has to be defined between MME and LMU; this could be an extension of S1.  In the second architecture on the right, a new logical interface is defined between eNB and LMU.  While the first architecture minimises impact on eNB, the benefit of the second architecture is that LMUs are totally transparent to the MME.
A more radical approach would be to (logical) connect directly the eSMLC to the LMUs as shown in Figure 2.  This will clearly minimise impact on MME and eNB (it can still be routed through either of these at the transport level).  It works best for the standalone LMU but is not easy to adopt for an X2 based approach.  Note that the connection to eNB is still required for SRS transfer for an eSMLC based approach.
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Figure 2: Architecture showing direct connection between eSMLC and LMU bypassing the MME for a standalone LMU.
A corresponding simplified message flow for eSMLC based solution is given in Figure 3.
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Figure 3: Simplified message flow for eSMLC based architectural solution

For an eNB (X2) based solution, one possible architecture is shown in Figure 4.  
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Figure 4: One possible X2 based architecture for standalone LMU
A corresponding simplified message flow is shown in Figure 5.  An X2 based architecture allows eNB to directly provide SRS information, which could include the SRS configuration and triggering of A-SRS transmission, to the LMUs. One of the benefits of X2 based architecture can be seen from the message flow.  It allows eNB to quickly and directly signal to LMU SRS parameters, the SRS transmission time and potential changes in SRS parameters.   This should be faster as it avoids S1, SLs interface and eSMLC processing delay.  This could be critical if aperiodic SRS is to be used for UTDOA or if the SRS configuration were to change.  

It also allows eNB to interpret and possibly add/change parameters on top of the ones provided by eSMLC.  This provides the flexibility in a future release for dynamic updates of eNB parameters which may be necessary.   Note that given UTDOA position measurements can take of the order of a few seconds, eBN may need to modify some parameters due to other constraints in this period.  Future RAN features such as those based on X2 signalling (for example CoMP) may also impact UTDOA architectural choice.
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Figure 5: Example simplified message flow for X2 based solution

In terms of complexity, since eNB already does quite a lot of X2 signalling, this addition of one procedure is in itself not considered significant.  
2.2.2 Supporting integrated LMUs
Supporting physical integration of 3GPP specified logical nodes is normally possible but this is an implementation choice and independent of standards.  However, in case of UTDOA, it has been agreed that both integrated and standalone LMUs will be supported as 3GPP standardised architectural options.  The natural choice here is again simply to bring the LMU into the eNB box.  But some architectural choices make this easier.  For example, Figure 6 shows such a simple integration of LMU into eNB and the impact on the eNB.  For 1a), eNB will need to support two logical interfaces and potentially two different protocols while for 1b, such integration is simpler for an eNB as it only needs to support (the already supported) LPPa over S1.
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Figure 6: Simple integration of LMU into eNB for the architectures shown Figure 1 to show eNB impact of the different architectural choices
2.3 Protocol choices for communication between LMU and eSMLC
As already mentioned above, at a lower level to the overall architecture there is another layer of choices available.  As seen above, the architectural choices for the two cases may be different while it is desirable to come up with a single architecture to meet both solutions.  A deeper look into the protocol options can help to determine if there are “compromise” solutions that are flexible and optimum for both integrated and standalone eNBs,   For example in Figure 1b above, there are some signalling messages that go from eSMLC to LMU.  There are several options for to route these based on the architecture chosen.
1) LPPa or a new protocol LPPc for the direct link between eSMLC and LMU: This is probably the most efficient for overlay LMU options.  

2) If the LMU hangs off an eNB, then there are several options: 

a. LPPa to eNB and LPPa or LPPb between eNB and LMU

b. LPPa to eNB transparently carrying LPPa or LPPc to LMU.  This option allows eNB to possibly provide additional information

c. LPPa or LPPc routed at transport layer by eNB

The first two options allow eNB to provide additional info such as SRS directly to LMU if felt necessary.

2.4 LMU selection

There are two potential nodes that can perform LMU selection – the eSMLC and the serving eNB.  

Some of the factors to be considered for LMU selection are LMU load and UE hearability.  
When multiple eSMLCs with no geographical association are used (which is necessary to prevent single point of failure) LMUs will be utilised by multiple eSMLCs.  This is also in line with the architectures used today.  So one cannot assume that eSMLC has better understanding of the LMU load.

In terms of hearability, the selection of LMUs associated with a specific eNB for the UTDOA measurements can be pre-provisioned.  This could be done at eNB or eSMLC.  For a more dynamic optimal selection, eNB can be expected to have better overall knowledge of the radio conditions and UE proximity to the different cells/LMUs (if we assume eNB has knowledge of the surrounding LMUs). Even if the immediate application may be based on a fairly static mapping of serving cell to LMUs, future optimisation cannot be ruled out.

3 Conclusion

From the above analysis, it can be seen that an X2 based architecture allowing support of dynamic SRS changes including aperiodic SRS, better LMU selection and provides the best flexibility for future extensions.  It is also the most efficient in terms of signalling load over the control plane and also does not impact MME.

An eSMLC based direct connection between the eSMLC and LMUs (bypassing the MME) is other extreme and also has benefits in terms of minimising the impact on both the MME and eNBs for a standalone LMUs.

Both integrated and standalone LMUs have to be supported.  There are many other intermediate architectural solutions possible some of which mentioned in the document.  More consideration is needed on the requirements (such as need for flexibility, aperiodic SRS, multiple eSMLCs or not,  etc.) and architectures (identifying and reducing the alternatives which are not considered beneficial – such as connection between eSMLC to LMU through  MME) and whether an architecture can provide possibly optimum solutions for both integrated and standalone rather than specifying two architectural alternative solutions.
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