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1
Introduction

RAN meeting #42 opened a work item Positioning Support for LTE [1] with the following objectives:

-
a positioning protocol or protocols compatible with and enabling support for both the control plane LCS solution for EPS and OMA SUPL

-
UE assisted and UE based A-GNSS

 -
a downlink terrestrial positioning method, analogous to E-OTD, OTDOA and AFLT, capable of operating in UE assisted and UE based modes (note that a single downlink method will be defined)

-
enhanced cell ID measurements coming from the UE and/or eNode B

RAN meeting #43 introduced another work item description for network only based locationing techniques with especially mentioning Uplink TDOA in the justification [4].

Further, SA2 agreed to a control plane locationing architecture option 2 where the eSMLC connects to the MME [2], but the architecture was agreed before the consideration of Uplink TDOA to the RAN WID, and thus the assumed addition of the LMU for uplink measurement purposes is still needed.

Subsequently RAN1 has been discussing how the DL OTDOA trilateration technique could be introduced for LTE from the physical layer perspective in the meetings #55bis and #56 with the following findings [3]:
UE OTDOA DL Measurement

· Based on RS

· FFS whether modified RS (or sync signals) for positioning are needed

· In designated subframes with low interference (e.g. MBSFN subframes)

· FFS density in time and frequency

Mr Chairman suggested some email discussion to happen until next meeting improving on simulation assumptions. Evaluations should also consider synchronized and non synchronized cells

UE AoA+TA Measurement is FFS (requested by CATT and CMCC)

This document takes a higher level look at seemingly apparent implications of the current RAN1 findings in the context of the SA2 architecture decisions.
2
Discussion
2.1
Assistance data in the UE

A-GNSS positioning systems
The A-GNSS positioning systems require the terrestrial network to provide the UE with assistance data in order to enhance the detection performance. 

OTDOA positioning technique
As such the OTDOA positioning technique does not require any assistance data assuming that the actual position calculation is done in the network. However, the RAN1 discussions suggest that the UE in the LTE network cannot detect the neighbour cell reliably enough on its own based on the synchronization signals, but rather DL reference symbols would be used in the time difference measurements. This could be seen as implying, even though not yet specifically discussed by RAN1, that the OTDOA measurement in the UE would at least benefit from or potentially even require the knowledge of the physical cell IDs of the potential neighbour cells to be measured, as well as their frame transmit timings relative to the serving cell. This information needs to be present in the E-SMLC in order for it to be capable of calculating the UE location based on time difference measurements.
Furthermore based on the current RAN1 investigations there may be a need to introduce an interference reduction scheme similar to that defined for the UTRA IPDL-OTDOA method in order to help the UE to perform the time difference measurements in a reduced interference environment. This information could be considered as radio network specific information rather than something known to the E-SMLC.

Based on the above it appears that there may be a need to provide two different types of assistance information for OTDOA purposes to the UE

1) Information of the neighbours to measure (e.g. physical cell IDs, relative transmit timings). This information should be known to the E-SMLC for position calculation purposes, but not necessarily known to the radio network. Thus this information could be provided to the UE from the E-SMLC in a similar way as the A-GNSS assistance data

2) Information of the interference reduction technique applied in the radio network (if applicable). This information is radio network or cell specific and most likely not known to the E-SMLC and would most naturally be provided by the radio network

Cell-ID based techniques
Cell-ID based methods are not expected to need/benefit from assistance data.

Table 1: Assistance data expected to be needed in the UE per positioning technique
	
	Cell-ID based methods
	DL OTDOA
	A-GNSS methods

	Information from the
E-SMLC
	None
	Neighbour cells’s Physical IDs and transmit timings relative to the serving cell (if needed)
	Assistance data for satellite detection

	Information from the radio network
	None
	Information related to interference reduction technique.
	None


2.2
Assistance data delivery in the control plane architecture

As discussed above, there is a need to provide assistance data from the E-SMLC for A-GNSS positioning systems and potentially for OTDOA as well. In addition the eNB may need to inform the UEs of blank subframes if an interference reduction scheme analogous to the IPDL specified for UTRA is introduced.
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Figure 1: Positioning assistance data delivery to the UE in the control plane architecture
The E-SMLC could provide the assistance data to each cell via SLs and S1 to the eNB, and the eNB could then further relay this information to the UE either over broadcast (the benefits of having broadcast assistance data need to be evaluated) or using dedicated RRC signalling. Alternatively it would also be possible to use a direct tunnelling mechanism between the E-SMLC or the MME and the UE, and keep the RAN interfaces agnostic to the actual assistance information being delivered. In general the needs for the assistance data from E-SMLC to the UE are reasonably well understood and the RAN WGs can focus on devising a method for conveying this information. Alignment with the SLs interface is of course required.
The needs for the eNB-UE assistance data that may be needed for the OTDOA interference reduction is at this stage less well understood as well as whether or not X2 interface needs to be involved, i.e. if eNBs need to be able to coordinate the blank subframes or if it is sufficient for the UE to know what is happening in the serving cell only.

Furthermore it is not yet clear whether the eNB needs to be aware of the fact that a UE is being positioned by the E-SMLC.

Finally it is worth noting that in the user plane architecture the locationing server and the UE are in direct communication and the radio network has no knowledge that a UE is being located. Similar approach could be seen attractive at least from the radio network perspective for the control plane as well.
2.3
Positioning procedure in the control plane architecture

When a particular UE needs to be positioned the procedure could go as follows: 

· The MME asks the E-SMLC to initiate position calculation. 
· E-SMLC initiates the procedure to get the measurement information from the UE

· The measurement request is propagated down to the UE
· The measurement response is propagated back to the E-SMLC
· E-SMLC calculates the UE position

· The E-SMLC provides the result to the MME for further relaying.
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Figure 2: Positioning procedure information flow between UE and E-SMLC
The mechanism for propagating the locationing measurement request and response from E-SMLC to the UE could either be completely visible in each interface or some level of direct tunnelling could be used between the E-SMLC or the MME and the UE. It would also be possible to provide the needed assistance data to the UE together with the locationing measurement request. The same procedure could be applied to all locationing techniques in the scope of the WI.
3
E-SMLC – UE communication
The following figure shows the protocol architecture in GERAN for communication between the SMLC and the MS in Iu mode. Similar protocol architecture applies for A/Gb mode in GERAN. As can be seen a RRLP protocol was defined between the end points which are the SMLC and the target MS with the RAN entity (BSS) being an intermediate relay that transports the RRLP PDU between the SMLC and MS. The RRLP protocol defines a single generic message that carries one or more components to convey LCS related information. In this model the delivery of assistance data or other information for positioning is exchanged between the SMLC and target MS transparent to BSS which is seen simpler from a RAN perspective and from LCS protocol specification maintenance perspective.
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The UTRAN architecture for LCS support is shown below. Here the RNC supports two modes of operation, an RNC centric mode in which the RNC has more control functions for LCS (position method selection, position calculation, assistance data and measurement configuration delivery to UE) and a Standalone SMLC (SAS) centric mode where the RNC takes a passive relaying function between the target UE and the SAS which is responsible for LCS control functions. In both modes, the protocol architecture involves the use of PCAP protocol (25.453) between the SAS and the RNC over Iupc, and, RRC protocol (25.331) between the Serving RNC and the UE. In this model the RAN is complex in the sense that RNC has functional impacts to supporting positioning and also the RRC protocol has visibility of the signalling for positioning support which also makes the RAN specification maintenance due to LCS related changes complex as can be seen from 25.331.
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Now let us look at the suggested protocol architecture for communication between E-SMLC and UE in 23.891 which evaluates the various LCS CP architectures. The following is suggested for the architectural alternative #2 which was the selected architecture. Here, similar to the RRLP protocol in GERAN, there is a LTE positioning protocol (LPP) which terminates between the UE and E-SMLC. The MME and eNode B are relay points which are well suited to support a transparent signalling path between the E-SMLC and UE. This model keeps the E-UTRAN complexity low and also allows for easier specification maintenance by keeping the LPP protocol and RRC protocol separate.
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So, it is proposed to consider a new LTE positioning protocol (LPP) terminated at the UE and E-SMLC and have eNB and MME provide tunnelled signalling support for UE and E-SMLC communication via LPP protocol. The LPP protocol should be defined in a separate specification that is self contained with one generic transport through eNode B and MME for the different location request procedures (MO-LR, MT-LR etc.) irrespective of the type of positioning methods used (LPP should be generic enough to handle the different satellite based positioning methods instead of having differences in the protocol structure for, say, A-GPS vs GANSS). The new LPP protocol should also support UE location capabilities exchange between the UE and E-SMLC.
4
Impacts from the addition of UL TDOA to the WI

The inclusion of the Uplink TDOA trilateration technique sets additional requirements to the radio network and LMU-eNB coordination. At this stage the place of the LMU in the architecture has not been considered and the roles of the LMU, eNB, MME and E-SMLC need to be discussed.

The UE may need some kind of U-TDOA network functional support with a transmission pattern signalled to the UE being positioned which the LMUs can try to detect. However, these aspects still are open issues and require more study.
5
Conclusion
This document outlined the information exchange needs between the E-SMLC and the UE and raised the point that in LTE radio network the DL OTDOA method may require assistance data from E-SMLC as well. Further it was noted that the radio network may need to provide the UE with parameters related to an IPDL-like interference reduction technique to improve the neighbour cell detection probability for OTDOA time difference measurements.

The possible approaches for E-SMLC – UE communication were briefly outlined and a proposal for tunnelling a location protocol transparently through MME and eNB was made.

Assuming that RAN1 confirms the assistance data needs for the OTDOA technique it is suggested that RAN2 discusses the preferred way for the E-SMLC – UE communication and liaises the appropriate SA and CT groups of the findings and requirements set by the radio network.

The first outlook of the impact of the inclusion of UL TDOA to the work item is also taken.
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