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1 Introduction
In [2], RAN2 provides the following comments in response to [1]:
RAN2 has agreed to support both standalone LMUs and LMUs integrated in eNBs.  In the draft CR to TS 36.305, the use of the term LMU is used to refer to both cases and is captured as:  “As used in this document, LMU refers to both cases of a standalone LMU and an LMU integrated into an eNodeB unless explicitly mentioned otherwise.”  Note that the definition of the term LMU is currently local to TS 36.305.

LMUs with separate antennas were discussed in RAN2 and some companies suggested it should be considered a deployment option. RAN2 assumes that need for separate antennas from a performance aspect is outside the area of RAN2.

RAN2 would like to suggest a change in the definition of the reference point from “antenna connector of the eNB” to “antenna connector of the LMU” to cover all cases of integrated LMU, standalone LMUs,   LMUs with separate antennas (if that is to be supported), and LMUs with shared antennas. 

Further in [2], the following questions are addressed to RAN1 regarding the measurement definition:
1) For LMUs with separate antennas (if required to be supported), can a UTDOA measurement be associated with a cell?

2) How are the reference times from different LMUs related to each other?  Could this impact network synchronization requirements?
The questions above are addressed in this contribution as well as some other technical aspects on the UTDOA measurement definition in [1]. A revised definition of the measurement is proposed.
2 LMU Antenna Deployment Aspects
A general observation is that LMUs with standalone antennas have been supported in 3GPP specifications since GSM, which makes the technology deployment more flexible and less dependent on other network elements.
In GSM, two types of LMUs, Type A and Type B, are supported, with and without the radio interface to communicate with other network nodes. Further, LMUs may be either free standing or associated with a BTS, which may be integrated or connected to BTS. The standalone LMUs may have separate antennas or share antennas with a BTS.

In UTRAN, Type A LMUs are not supported in UMTS release 1999. UTRAN LMUs may be either a standalone network element or connected to or integrated in a Node B. The standard does not preclude using LMUs with standalone antennas in UTRAN.
Deployment of LMUs with standalone antennas in locations optimized for positioning is particularly important to address the known hearability issue of measured signals in areas with potential hearability problems and in large cells. This is crucial for UTDOA, given that the signals have to be measured in at least three (in practice 6-8) locations with a good geometry. The measurement definition proposed in [1] is lacking this flexibility, being limited to measuring at eNodeB antenna connector.
Proposal 1: The measurement definition should be valid for LMUs with standalone or shared antennas. Ask RAN3 to define physical LMU node.
Proposal 2: The measurement definition should not assume availability of the air interface for communicating with other radio nodes.
3 Physical-Layer Measurement Definition for UTDOA
3.1 Measurement specification principles

Physical measurements are defined in 3GPP specification to ensure non-ambiguous technology implementation by different vendors, ensure interoperability between different network elements from the same or different manufacturers, and ensure consistency between the measurements and algorithms relying on the measurements (such as RRM algorithms, position calculation algorithms, etc.). Physical layer measurements for LTE are specified in TS 36.214.
For the specified physical measurements it is also common to specify requirements to ensure reliable measurement performance in real networks which in practice have very different configurations. The requirements are under the responsibility of the RAN WG4.

Physical measurements can only be defined for physical nodes. Physical LMU node is not yet defined.
Physical layer measurements have been specified so far for all standardized LTE positioning methods. The physical measurement definition for UTDOA is currently under discussion in RAN1. 

3.2 UTDOA measurements in earlier 3GPP radio technologies
A general observation for the UTDOA technology is that the physical measurement definitions and a few more key aspects of the UTDOA have been lacking clarity in the previous specifications, which leads to ambiguous implementations and potentially to interoperability and deployment issues. This becomes particularly crucial with tightening FCC requirements and with the fact that to achieve the best environment-agnostic positioning performance multiple positioning methods have to co-exist and complement each other. Specifying non-ambiguous physical measurement definitions for all positioning methods is thus the key step.
In GSM, the measurement defined in 3GPP for UTDOA is the uplink TOA measurement.
In UMTS, only a UTRA measurement SFN-SFN observed time difference is standardized for LMUs, but this measurement is not a UTDOA measurement since it is performed on DL pilot signals (see the table below). No other standardized physical measurement related to UTDOA exists for UTRAN.

Table 1. SFN-SFN observed time difference (UTRA measurement, [TS 25.215]) – the measurement is performed on DL pilot signals
	Definition
	The relative timing difference between cell j and cell i, defined as TCPICHRxj - TCPICHRxi, where:

TCPICHRxj is the time when the LMU receives the beginning of one Primary CPICH frame from cell j and 

TCPICHRxi is the time when the LMU receives the beginning of the Primary CPICH frame from cell i that is closest in time to the beginning of Primary CPICH frame received from cell j.

The reference point for the measurements shall be the Rx antenna connector.


3.3 UTDOA measurements in LTE
To support UTDOA in LTE, it has been agreed to define physical-layer measurements based on SRS [3,4], i.e., an SRS signal is measured at different measurement points. LMU reports measurements to positioning node.

Two options thus exist:

· Time of arrival (TOA) measured on SRS,
· If TOA is reported to the positioning node, TDOA values may also be obtained by pair-wise subtracting the TOA values. The absolute values of TOA are also helpful as a proximity indication with respect to the measuring antenna location for avoiding unnecessary calculations.

· Time difference of arrival (TDOA) measured on SRS,
· If TDOA is to be reported by LMU, the reference time or the reference signal needs to be known at each LMU.
Given that the measurement is to be reported from LMUs, we propose that either GNSS time or UTC is used as a reference time, with a slight preference for GNSS time as the reference time which provides more flexibility. With this approach, there is no issue with the reference times about which RAN1 was asked by RAN2 in [2].
Further, the reported measurement has to be associated with an ID uniquely describing measuring antenna location, frequency, etc. It is preferred that this ID is not a traditional cell ID due to the potential measurement ambiguity because, e.g., a physical LMU node may or may not share antenna with eNodeB, multiple physical LMU nodes may appear within coverage of a traditional cell, one physical LMU node may operate in more than one frequency.
Proposal 3: Use LMU cell ID in the measurement definition, where LMU cell ID is uniquely associated with a physical LMU node, an antenna location and frequency.
Proposal 4: The following measurement definition is proposed for UL Relative Time of Arrival (TUL-RTOA):
	Definition
	The UL Relative Time of Arrival (TUL-ATOA) is the beginning of subframe i containing sounding reference signal (SRS) received in LMU cell j, relative to GNSS system time. The reference point for the UL time of arrival shall be the RX antenna connector of the LMU node.


4 Summary

Proposal 1: The measurement definition should be valid for LMUs with standalone or shared antennas. Ask RAN3 to define physical LMU node.
Proposal 2: The measurement definition should not assume availability of the air interface for communicating with other radio nodes.
Proposal 3: Use LMU cell ID in the measurement definition, where LMU cell ID is uniquely associated with a physical LMU node, an antenna location and frequency.

Proposal 4: The following measurement definition is proposed for UL Relative Time of Arrival (TUL-RTOA):

	Definition
	The UL Relative Time of Arrival (TUL-ATOA) is the beginning of subframe i containing sounding reference signal (SRS) received in LMU cell j, relative to GNSS system time. The reference point for the UL time of arrival shall be the RX antenna connector of the LMU node.
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