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1. Background

Reference Signal Time Difference (RSTD) measurement reporting delay and RSTD accuracy requirements, for intra- and inter-frequency positioning measurements, have been specified in [1] to ensure OTDOA positioning performance. Two test cases for conformance testing of the intra-frequency RSTD measurement accuracy for 1.4 MHz and 10 MHz PRS transmission bandwidth have been agreed [2] in RAN WG4 Meeting #56. 
The scope of this contribution is the methodology for defining test cases for RSTD measurement reporting delay. The methodology described herein is an adaptation to OTDOA of the methodology used e.g. for testing of cell reselection requirements and handover requirements for intra-frequency, inter-frequency and inter-RAT [1]. The presented methodology has been used when deriving the test cases for E-UTRA intra-frequency RSTD measurement reporting delay for FDD and TDD described in [3] and [4], respectively.
2. Methodology
2.1. Test purpose and test environment
The purpose of the tests discussed herein is to verify that the UE is able to perform and report RSTD measurements for neighbour cells with respect to a reference cell within a given time interval to meet E-UTRAN RSTD measurement reporting delay requirements as specified in [1]. The requirements are specified separately for intra-frequency and inter-frequency, FDD and TDD, and thus the conformance test cases need to be defined separately, although the methodology can be reused.
In addition, to a normal test functionality [5], the test equipment shall be capable of providing positioning-specific functionality, e.g. generating Positioning Reference Signals (PRS), generating and providing to the test UE the OTDOA assistance data.
There are three cells in the test, one of which is a reference cell with respect to which RSTD measurements are defined and the other two cells are neighbour cells. For intra-frequency, all the cells shall operate on the same RF channel, whilst for inter-frequency the RF channel of at least one neighbor cell shall be different from that of the serving cell.

To enable OTDOA RSTD measurements, PRS are transmitted in the cells in pre-defined subframes referred to as positioning subframes specified by a cell-specific PRS configuration index. In the intra-frequency RSTD measurement report delay test case the positioning subframes are aligned at the transmitters, with a synchronization error, in all three cells and PRS are always transmitted in these subframes. Furthermore, the positioning subframes are defined as low-interference subframes, i.e. contain no PDSCH transmissions.
It is not a requirement for OTDOA implementation in a real network, but to keep the testing complexity at a reasonable level, the reference cell is assumed to be the serving cell.
2.2. The time aspect and the testing approach
A test consists of two time intervals, T1 and T2, where T2 follows immediately after T1. The set of cells that are active during T1 comprises the reference cell only, whilst during T2 all three cells are active. For intra-frequency, the beginning of the time interval T2 shall be aligned with the first PRS positioning subframe of a positioning occasion in the reference cell, where the PRS positioning occasion is as defined in Section 8.1.2.5.1. 
The OTDOA assistance data as defined in TS 36.355, Section 6.5.1, shall be provided to the UE during T1. The last TTI containing the OTDOA assistance data shall be provided to the UE (T ms before the start of T2, where (T is the maximum processing time of the OTDOA assistance data. To account for the delivery to the UE physical layer and processing of the OTDOA assistance data, it is proposed to adopt the Processing delay requirement for RRC procedures specified in [9], Section 11.2, and assume (T=15 ms.
2.3. Statistical testing
The considered requirements have a statistical nature and shall depend at least on the following randomly generated parameters:
· Physical Cell Identity (PCI) of the three cells, which, however, still need to satisfy a condition based on the assumption regarding the PRS pattern relation among the cells (e.g. all cell are overlapping means that the result of the modulo 6 operation for all PCIs in the test shall be the same);
· Synchronization error constrained by the maximum radio frame transmit time offset between two cells;
· The total noise and interference from other cells that are not specified explicitly are modelled as AWGN of appropriate power to meet the defined 
[image: image15.bmp] level;
· PRS configuration index which may have different subframe offsets for the same PRS periodicity;
· Propagation channel varying over time and non-statically defined by test case.
Statistical testing is typically implemented as a sequence of repeated tests while varying the test parameters that are not statically determined, such as listed above.
The test requirement is expressed as a success rate (90%) defined as the rate of the correct events observed for each neighbour cell during repeated tests, where a correct event in a test is an RSTD measurement reported by the tested UE with a reporting delay not exceeding a certain level given by the corresponding requirement specified in [1].
2.4. Test parameters
The test parameters are subdivided into general test parameters and cell-specific test parameters that are related to the received signal power and quality. The general parameters apply for all cells in the test. The basic test parameters for the Phase I positioning test cases have been agreed in [6] and updated in [7]. More details on the test parameters are provided below.
PCFICH/PDCCH/PHICH parameters 
The reference channels for a given bandwidth are specified in [1] as a part of reference measurement channels for RRM test cases in A.3.1.2.1 and A.3.1.2.2 for FDD and TDD, respectively.
PRS configuration index 
The PRS configuration is given by a range defined for PRS periodicity in [8] so that a configuration can be randomly chosen for each repeated test case separately. For the PRS periodicity of 1280 ms, the range is 1120 – 2399 which corresponds to PRS subframe offsets 
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 where the PRS subframe offset is counted in DL subframes, as specified in [8].
Maximum radio frame transmit time offset between cells
For synchronous cells, the parameter is in accordance with the synchronization requirements for TDD.
Expected RSTD
The expected RSTD shall be in accordance with the true time difference modelled in the test at the UE receiver.
Expected RSTD uncertainty
The uncertainty is selected as specified in [1], Section 9.1.10, and it is the same for both DL and UL.
Timers T1 and T2
The lengths of the two intervals are selected such that they are larger than the maximum RSTD measurement reporting delay given by core requirements in [1], i.e. 4000 ms as explained below in Section 2.5. Furthermore, the beginning of the time interval T2 shall be aligned with the first PRS [image: image1.wmf]oc
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positioning subframe of a positioning occasion in the reference cell. This is illustrated in Fig. 1 below.
Figure 1. Illustration of the RSTD reporting time requirement in an FDD system, with example T1, T2, and (T.
X_RA, X_RB
The parameters are the X-to-RS EPRE ratios for the channel or signal X in all transmitted OFDM symbols not containing RS (X_RA) or containing RS (X_RB), respectively. Since PRS are only transmitted in symbols where CRS are not transmitted, only PRS_RA is relevant, whilst PRS_RB may be skipped for all OTDOA RSTD measurement test cases. It is further proposed that PRS_RB=0 dB, based on the following arguments,
· PRS_RB=0 dB has been the assumption in RAN4 studies,
· core requirements were derived under the assumption that there is no PRS boosting,

· PRS_RB>0 is a possible network implementation but it may be not used in practice.
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These are the only settable parameters. The other parameters such PRP, PRS 
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 have been chosen such that the resulting PRS 
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 values in the time period T2 comply with the values specified in core requirements [1].
2.5. Test requirements

The reporting delay requirements are defined for at least 16 cells, most of which are likely to be not measured in parallel. Furthermore, there are no specific RSTD requirements when PRS muting is applied, but there is a parameter 
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 which defines the minimum number of positioning occasions for which the specified signal levels apply. In the discussed test cases the number of cells is three, and the specified signal levels apply for all positioning occasions. To account for these facts, it is proposed that the RSTD measurement reporting delay in the test is derived from the following expression, 
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 is the number of PRS positioning occasions where the signal level conditions are met, 
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=3 is the number of cells, and 
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is the parameter specified for this test case in Section 8.1.2.5.1. 
For intra-frequency, 
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=8, which gives the total RSTD reporting delay of 4000 ms for Cell 2 and Cell 3 with respect to the reference cell Cell 1. The test requirement for the E-UTRAN intra-frequency RSTD measurement reporting delay test cases, FDD and TDD, is thus as follows.
The UE shall thus perform and report the RSTD measurements for Cell 2 and Cell 3 with respect to the reference cell Cell 1 within 4000 ms starting from the beginning of time interval T2.

The rate of the correct events for each neighbour cell observed during repeated tests shall be at least 90%.

3. Summary
Proposal 1: Adopt the described methodology for defining test cases for RSTD measurement reporting delay conformance testing, for both intra- and inter-frequency, FDD and TDD.
Proposal 2: Agree on the proposed test requirement for the E-UTRAN intra-frequency RSTD measurement reporting delay test cases, FDD and TDD, formulated as follows.
The UE shall thus perform and report the RSTD measurements for Cell 2 and Cell 3 with respect to the reference cell Cell 1 within 4000 ms starting from the beginning of time interval T2.

The rate of the correct events for each neighbour cell observed during repeated tests shall be at least 90%.

Proposal 3: Agree on that no PRS boosting shall be applied when testing RSTD measurement reporting delay and RSTD accuracy requirements.
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