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1.
Introduction
The WI ‘Positioning Support for LTE’ has been progressing in other RAN WGs [1], and the Stage 2 specification has been presented to RAN#44 for information [2]. However, no activity related to the WI has taken place yet in RAN4. In this paper, we provide an overview of the positioning methods currently standardized within 3GPP specifications, and the E-UTRAN/UE measurements that enable these positioning methods.  Moreover, we provide a proposal to the way forward to specify the performance requirements for these E-UTRAN/UE measurements and the positioning methods in RAN4.
2.
Positioning Accuracy
In section 4.3.1 of [3], it is stated that:

-
The LCS service shall provide techniques that allow operators to deploy networks that can provide at least the level of accuracy required by the regional regulatory bodies (e.g. Annex A).
And in Annex A of [3], the USA FCC Wireless E911 Rules are provided as an example of such regulatory requirements:
-
The FCC adopts the following revised standards for Phase II location accuracy and reliability: 

-
For network-based solutions: 100 meters for 67 percent of calls, 300 meters for 95 percent of calls; 

-
For handset-based solutions: 50 meters for 67 percent of calls, 150 meters for 95 percent of calls. 

As such the FCC mandated accuracy could be used as a reference point for the accuracy requirements for the positioning methods, at least for the LTE systems deployed in the USA.

3.
Positioning Methods
According to [1] and [2], the standard positioning methods supported for E-UTRAN access are:

-
network-assisted GNSS methods (including A-GPS etc.);

-
downlink positioning (OTDOA);

-
enhanced cell ID method (including AoA+TA etc.).

The operations of these positioning methods are described in section 8 of [2]. Hybrid positioning using multiple methods from the list of positioning methods above is also supported. Note that these positioning methods are also the standard positioning methods supported in UTRAN [4].
4.
E-UTRAN/UE Measurements
The following UTRAN/UE measurements are defined in UTRAN [5, 6] for support of the above positioning methods.
A-GANSS:

-
UE GPS Timing of Cell Frames for LCS

-
UE GPS Code Phase

-
UTRAN GPS Timing of Cell Frames for LCS
-
UE GANSS Timing of Cell Frames for UE positioning

-
UE GANSS code measurements

-
UTRAN GANSS Timing of Cell Frames for UE positioning
OTDOA:

-
UE SFN-SFN observed time difference type 2
-
UTRAN SFN-SFN observed time difference
Enhanced cell ID:
-
UE Rx-Tx time difference type 2

-
UTRAN Round trip time (RTT)
-
UE Timing Advance (TADV) for 1.28Mcps TDD
-
Angle of Arrival (AOA) for 1.28Mcps TDD

Here we provide a list of E-UTRAN/UE measurements that should be defined for positioning support in LTE.
For A-GANSS, the "UTRAN/UE GANSS/GPS Timing of Cell Frames for LCS/UE positioning" measurements are used for tying the SFN boundary to the GANSS/GPS time in UTRA network so to deliver timing assistance to the UE, i.e. when a particular GANSS/GPS signal will arrive at the UE. We believe that these measurements are not necessary in LTE as there are other ways to provide timing assistance to the UE. Therefore, we propose to define only the UE GANSS/GPS code phase measurements in LTE.
For OTDOA, it is indicated in [7] that an UE measurement for the observed subframe time difference shall be defined in RAN1.
For Enhanced cell ID, the propagation delay between the eNodeB and UE can be estimated using the Timing Advance issued by the eNodeB to the UE (which has a fine resolution of 520 ns) and the eNodeB internal delay (note that the UE internal delay should already be taken care by the UE when deciding the actual Tx timing). Hence we believe that only the E-UTRAN RTT should be considered in LTE, and RAN1 should decide whether to define this measurement in [8].
5.
Performance Requirements
Here we propose the way forward to specify the performance requirements for the E-UTRAN/UE measurements and the positioning methods in RAN4.
5.1
Network-assisted GNSS methods
The A-GNSS performance is dependent on UE's capability in measuring the signals from different GNSSs (e.g. GPS, Galileo, etc.) and the eSMLC's capability in providing adequate assistance information. The performance of A-GNSS is independent of LTE infrastructure because the wireless network is merely used to provide a data pipe for messages exchanges between the eSMLC and the UE. Since the availability of the data pipe is always assumed therefore a non-factor when considering the UE performance, there will be no effect at all from LTE on UE's capability of measuring the GNSS signals. Consequently, the existing requirements on UTRAN/UE measurements performance in [9, 10] and the FDD A-GPS performance requirements in [11] should be readily reused. The LPP protocol (currently under discussion in RAN2) directly between the eSMLC and UE for Control Plane solution is a confirmation of this statement.
5.2
Downlink positioning (OTDOA)

The achievable performance of DL OTDOA is dependent on the noises contributed by the hardware constraint, imperfect system operation, and radio channel in the timing offset estimation. The error source includes the eNode B synchronization error, the eNode B antenna position error, distance loss, shadowing, fading, multi-path, UE clock error, UE estimation error of neighbouring cell subframe timing offset (similar to SFN-SFN observed time difference in UTRAN), and UE measurement error cause by limitation of resolution [12]. Consequently, the performance requirements should be defined by simulation, and the simulation assumptions should be defined according to the final decisions in RAN1 on PRS pattern.
5.3
Enhanced cell ID method
The Enhanced cell ID (ECID) performance is dependent on three pieces of info: the accurate coordinates of the radio antennas of the cells, the accuracy of the Timing Advance (TA) to reflect the air-travel time between the antenna and the UE (therefore affected by eNodeB Tx/Rx delay, UE Rx/Tx delay and TA’s resolution), and the E-UTRAN/UE measurements of reference signals' power and quality etc. Among the three, the first is the eNodeB OAM responsibility; the 2nd will be affected by the delay calibration at both eNodeB and UE, as well as the resolution of the TA comments which is 520 ns; and the 3rd is already defined in E-UTRAN. Consequently, we do not see any new requirement on E-UTRAN/UE measurements, except the E-UTRAN RTT measurement depending on RAN1decision. As for supporting UE based ECID, UE has to be equipped with the ECID algorithm, and has to have all the information described above (pending RAN2's decision), which is a separate topic.

6.
Conclusions

We have provided in this paper an overview of the positioning methods currently standardized within 3GPP specifications, and the E-UTRAN/UE measurements that enable these positioning methods, and proposed the way forward to specify the performance requirements for positioning support for LTE in RAN4. Our proposal is summarized as follows:
1)
To define the UE GANSS/GPS code phase measurements to support A-GANSS.

2)
To define the UE measurement for the observed subframe time difference to support OTDOA.

3)
Depending on RAN1 decision whether to define E-UTRAN RTT to support ECID.

4)
To reuse the existing requirements on UTRAN/UE measurements performance for A-GNSS and the FDD A-GPS performance requirements for LTE.

5)
To define the performance requirements for LTE DL OTDOA by simulation, with simulation assumptions defined according to the final decisions in RAN1.

6)
To use the existing requirements on E-UTRAN/UE measurements performance for Enhanced cell ID for LTE, and to define the measurement performance requirements for E-UTRAN RTT depending on RAN1 decision.
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