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1 Introduction

The following agreed Phase II positioning test cases [4] are to be developed by RAN4:
· E-UTRA FDD-FDD inter-frequency RSTD measurement reporting delay (10 MHz),

· E-UTRA TDD-TDD inter-frequency RSTD measurement reporting delay (10 MHz),

· E-UTRA FDD-FDD inter-frequency RSTD measurement accuracy (10 MHz and 1.4 MHz),

· E-UTRA TDD-TDD inter-frequency RSTD measurement accuracy (10 MHz and 1.4 MHz).

The current contribution discusses the two scenarios for which inter-frequency requirements are specified. Also, we further discuss test case configurations for RSTD reporting delay requirement testing for both scenarios.

2 Inter-frequency scenarios for RSTD measurements
Inter-frequency RSTD requirements are defined for the following two scenarios [1]:
· Scenario 1: Inter-frequency RSTD measurements are performed for the reference cell and neighbour cells, where all cells belong to the inter-frequency carrier frequency f2 which is different from the serving cell E-UTRAN frequency f1.
· This scenario corresponds to Note 1 in Table 8.1.2.6.1-1 and Table 8.1.2.6.3-1 in [1].
· Scenario 2: Inter-frequency RSTD measurements are performed over the reference cell and the neighbour cells, which belong to the serving FDD carrier frequency f1 and the FDD inter-frequency carrier frequency f2, respectively.

· This scenario corresponds to Note 2 in Table 8.1.2.6.1-1 and Table 8.1.2.6.3-1 in [1].
The RSTD accuracy requirements are exactly the same for both scenarios, whilst the reporting delay requirements differ [1], with the maximum RSTD reporting delay being longer for Scenario 2. All intra- and inter-frequency requirements are mandatory. To minimize the number of test cases, it has been proposed in [5] to develop inter-frequency test cases only for Scenario 2 since measuring all cells on the same frequency, even being different from the serving-cell frequency, is less challenging than measuring two cells on different frequencies. However, if both scenarios have practical application, it is best to test the requirements for both scenarios to ensure that the required quality of positioning measurements is met in practice.

Proposal: Develop test cases for inter-frequency Scenario 1 and Scenario 2.
2.1 Scenario 1

Scenario 1 targets the following example use cases,

· deployments with PRS transmitted on one frequency, but not configured on the other frequency, or 
· deployments with the sufficient number of hearable cells and the minimum required signal quality in co-channel operation, including deployments with base stations of different power classes, or

· deployments with a larger PRS transmission bandwidth on one carrier which may make positioning measurements on that carrier more attractive, or

· handover areas where the serving cell has changed but RSTD measurements continue.
In a general case, even though having the reference cell on a non-serving carrier may be less common, the use cases above are also important and thus the proper positioning performance for Scenario 1 has to be ensured as well.
2.2 Scenario 2

Scenario 2 is illustrated in Figure 1. One typical use case for this scenario may occur, for example, in heterogeneous network deployments with lower-power nodes operating on a separate carrier, where these nodes, however, do not have continuous coverage over the network area or have a strong interferer nearby and thus the sufficient number of neighbour cells with good distinct locations for OTDOA cannot be detected on this carrier. On the other hand, having such a node as a reference cell may be desirable due to the good signal quality. 
Another practical example of Scenario 2 is explained next. In practice it may also be so that neither the number of hearable cells on f2 nor the number of hearable cells on f1 are sufficient, e.g., in urban canyons or indoors. Note also that since relative locations of base stations are not always optimal for individual UEs and the signal strengths may vary a lot, RSTD measurements from more than 3 cells are typically needed in practice to ensure good positioning performance. The assistance data may thus contain cells on the serving-cell frequency and cells on another frequency, with the reference cell on a serving carrier, which will enable parallel intra-frequency measurements and inter-frequency measurements of Scenario 2.
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Figure 1: Inter-frequency Scenario 2.

3 Test configurations and the requirements
3.1 Scenario 1

Test setup. The setup of inter-frequency test cases for Scenario 1 distinguishes from intra-frequency test cases in that all cells included in the assistance data operate on an RF channel f2 different from the serving cell RF channel f1. Since none of the measured and thus explicitly modelled cells is the serving cell, the serving cell needs to be also added in the test, i.e., the RSTD accuracy test environment for Scenario 1 comprises three modelled cells, and the RSTD reporting delay test environment for Scenario 1 comprises four modelled cells. Four cells are also used for protocol testing, but to simplify testing it is proposed that in the four-cell test cases the fast fading is not modelled for the serving cell. The following cell arrangement for inter-frequency RSTD reporting delay tests is proposed:
· Cell 1 – reference cell on f2, ETU30,
· Cell 2, Cell 3 – neighbour cells on f2, ETU30,

· Cell 4 – serving cell on f1, AWGN.
For inter-frequency RSTD measurement accuracy test cases in Scenario 1, three cells (e.g., Cell 1, Cell 2 and Cell 4 from the list above) are necessary.
RSTD reporting delay requirement. According to Table 8.1.2.6.1-1 and Table 8.1.2.6.3-1 under Note 1, with positioning subframe configuration period 
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 positioning occasions. The RSTD measurement reporting delay in these test cases is derived from the following expression:
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where 
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=16  are the parameters specified in Section 8.1.2.6.1, Table 8.1.2.6.1-1 and Section 8.1.2.6.3, Table 8.1.2.6.3-1. This gives the total RSTD reporting delay of 9280 ms for Cell 2 and Cell 3 with respect to the reference cell Cell 1.
Reference timing. The UE typically knows the SFN of the serving cell, which is included in the assistance data in Scenario 2 but not in Scenario 1. The UE generally does not read the system information of neighbour cells which has to be done before the measurements in the time interval T2 can start. This requires a slightly longer time after the UE receives the assistance data and starts measurements to allow for acquiring the timing information of the reference cell. However, considering that DRX is used in the test, it is also not very clear from the OTDOA requirements whether the UE should use non-DRX after receiving the assistance data to acquire the timing information of the reference cell or in the beginning of the RSTD measurement period which is subject to the RSTD requirements. We slightly prefer that the UE performs cell search in non-DRX. Otherwise, if DRX is 2560 ms, then the cell search can be as long as 51.2 seconds.
Measurement gap configuration. Measurement gaps are necessary for UEs that are not able to perform inter-frequency measurements without gaps. Therefore, in the test cases, measurement gaps are configured to enable inter-frequency RSTD measurements on Cell 2 and Cell 3. Furthermore, gap pattern configuration #0 shall be used according to the requirement in [1]. Following also the inter-frequency requirement in [1], the measurement gaps and positioning occasions are configured in a way so that there are no measurement gaps overlapping with the PRS subframes in the serving carrier. In Scenario 1, the serving cell is not measured for positioning; however, it is still proposed that PRS are configured in the serving cell to test the UE in conditions with shifted PRS positioning occasions in the two frequencies, as required by the standard.
PRS configuration. Similar to the intra-frequency case, PRS muting in half of positioning occasions is used to model L positioning occasions where the core requirement side conditions, i.e. the received signal strength and the received signal quality, are met. The test consists of three consecutive time intervals, with duration of T1, T2 and T3. Cell 1 is activated before the strart of T2 and remains active by the end of T3. Cell 4 is active in T1, T2 and T3, whilst Cell 2 and Cell 3 are activated only in the beginning of T2. Cell 2 is active until the end of T3, and Cell 3 is active until the end of T2. Further, Cell 1 and Cell 3 transmit PRS only in T2. Cell 2 transmits PRS only in T3. Cell 4 transmits PRS in T2 and T3. 
Draft CRs for inter-frequency RSTD measurement reporting delay test cases with Scenario 1 are provided in [2,3].
3.2 Scenario 2

Test setup. The setup of inter-frequency test cases for Scenario 2 is similar to that for intra-frequency test cases, with the main difference that all cells included in the assistance data but the reference cell (being also the serving cell) operate on RF channel f2 different from the serving-cell RF channel f1. Three cells are to be explicitly modeled in the inter-frequency RSTD reporting delay tests for Scenario 2:
· Cell 1 – reference (also serving) cell on f1, ETU30, 

· Cell 2, Cell 3 – neighbour cells on f2, ETU30.
For inter-frequency RSTD measurement accuracy test cases in Scenario 2, two cells (Cell 1 and Cell 2 from the list above) are necessary.
RSTD reporting delay requirement. According to Table 8.1.2.6.1-1 and Table 8.1.2.6.3-1 under Note 2, with positioning subframe configuration period 
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 positioning occasions. The RSTD measurement reporting delay in these test cases is derived from the following expression:
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where 
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=16  are the parameters specified in Section 8.1.2.6.1, Table 8.1.2.6.1-1 and Section 8.1.2.6.3, Table 8.1.2.6.3-1. This gives the total RSTD reporting delay of 19360 ms for Cell 2 and Cell 3 with respect to the reference cell Cell 1.
Measurement gap configuration. Measurement gap pattern #0 is configured and the measurement gaps are configured to avoid collision with PRS in the serving cell.
PRS configuration. Similar to the intra-frequency case, PRS muting in half of positioning occasions is used to model L positioning occasions where the core requirement side conditions, i.e. the received signal strength and the received signal quality, are met. The test consists of three consecutive time intervals, with duration of T1, T2 and T3. The cell activity is as in intra-frequency test cases: Cell 1 is active in T1, T2 and T3, Cell 2 is active in T2 and T3, and Cell 3 is active in T3. Further, Cell 1 and Cell 3 transmit PRS in T2, whilst Cell 2 transmits PRS in T3.
Draft CRs for inter-frequency RSTD measurement reporting delay test cases with Scenario 2 are provided in [6,7].
4 Summary
Two inter-frequency scenarios and test cases for each scenario have been discussed. 
Proposal: Develop test cases for inter-frequency Scenario 1 and Scenario 2.
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