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1 Introduction
3DL carrier aggregation has been under discussion for several meetings. The 3DL CA test case list was approved in R4-147836 [1]. However, further detail discussions are needed to design RSTD measurement test cases. This contribution further elaborates on testing methodology of RSTD measurement for 3DL CA.
2 RSTD measurement Test case design for 3DL CA 
A test is identified as unique for 3DL CA RSTD test case

· Reference cell on SCC 1, all neighbour cells on SCC 2 

As for measure accuracy for this test, it is defined in TS 36.133 clause 9.1.12 that:
The RSTD measurements, which are obtained when the reference cell and neighbouring cell do not belong to the same carrier, shall meet the inter-frequency RSTD accuracy requirements defined in clause 9.1.10.2.
Other possible combinations have already been tested by the 2DL CA RSTD measurement test cases, or by the test above, such as:
· Reference cell on SCC 1, all neighbour cells on PCC
· Reference cell on SCC 1, a neighbour cell on SCC 1, another neighbour cell on SCC2
Proposal 1: Design 3DL RSTD test cases with reference cell on SCC 1 and all neighbour cells on SCC 2. The RSTD measurements accuracy test shall meet the inter-frequency RSTD accuracy requirements defined in clause 9.1.10.2.
It is noted that in TS36.133 clause 8.4, there is no corresponding sub-section for reference cell on SCC 1, and neighbour cells on SCC 2. This test case is similar to clause 8.4.4 Measurements on both primary component carrier and a secondary component carrier, but is different from clause 8.4.3 Measurements on a secondary component carrier since E-UTRAN inter-frequency RSTD measurement period applies, not intra-frequency one. Therefore, it is proposed to add a new sub section as shown in Appendix.
Proposal 2: Add new sub section 8.4.5 Measurements on different secondary component carriers as shown in Appendix.

It is further noted that in TS36.133 clause 8.1.2.1 it is suggested that
The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 cells), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers

Therefore, UE only needs to support RSTD measurement on 2 carriers.  There is no need to test 3 or more RSTD carriers such as: 
· Reference cell is on SCC 1, a neighbour cell is on SCC 2, another neighbour cell is on PCC.
· Reference cell is on PCC, a neighbour cell is on SCC 1, another neighbour cell is on SCC 2.
Furthermore, since every combination for RSTD measurement is done in 2DL CA or 3DL CA, there is no need to add RSTD measurement test cases for 4 and more DL CA.
Proposal 3: No need to add RSTD measurement test cases for 4 and more DL CA.
Since in current TS36.133, UE only needs to support RSTD measurement on 2 carriers, 3DL CA RSTD test cases have little differences from 2DL RSTD CA tests. There is no need to run other bandwidth and all the TDD/FDD combination settings for 3DL CA RSTD measurement.
Proposal 4: Only use 10MHz bandwidth for all 3DL CA RSTD measurement test cases.
Proposal 5: 3DL CA RSTD measurement test cases are defined when all CCs are FDD or TDD.

If UE can support RSTD measurement on more carriers, more neighbour cells will be found which will improve performances for OTDOA positioning.
Proposal 6: Companies are invited to discuss if UE needs to support RSTD measurement on 3 or more carriers. 
Example for RSTD measurement for 3DL CA:
· Test Purpose and Environment
The purpose of the test case is to verify that the RSTD measurements meet the requirements specified in Clause 8.4 in a synchronized network environment with fading propagation conditions. This test case will verify the measurement period requirements specified in Clause 8.4.5 for RSTD measurements performed on different secondary component carriers.

In the test, there are three configured component carriers: PCC on RF channel 1, SCC 1 on RF channel 2 and another SCC 2 on RF channel 3. There are four synchronous cells: Cell 1, Cell 2, Cell 3 and Cell 4. Cell 1 is PCell on the PCC, Cell 2 is an active SCell on the SCC 1, Cell 3 is an active SCell on the SCC 2, and Cell 4 is a neighbour cell on the SCC. Cell 2 is the OTDOA assistance data reference cell.

Test is designed for the scenario where the UE receives OTDOA assistance data with cells on SCC 1 and SCC 2, and the UE is expected to report RSTD measurements performed on SCC 1 and on SCC 2.

The test consists of three consecutive time intervals, with duration of T1, T2 and T3. Cell 1 is active in T1, T2 and T3, whilst Cell 2 and Cell 3 are active only in T2 and T3, and Cell 4 is active only during T2. The beginning of the time interval T2 shall be aligned with the first PRS positioning subframe of a positioning occasion in the OTDOA assistance data reference cell, where the PRS positioning occasion is as defined in Clause 8.1.2.5.1. Cell 2 transmits PRS only in T3, Cell 3 transmits PRS only in T2，and Cell 4 transmits PRS only in T2.

Note: The information on when PRS is muted is conveyed to the UE using PRS muting information.

The OTDOA assistance data as defined in TS 36.355, Clause 6.5.1.1, 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 = 150 ms is the maximum processing time of the OTDOA assistance data.
· 
Test Requirements

The RSTD measurement time fulfils the requirements specified in Clause 8.4.

In the test, the UE shall perform and report the RSTD measurements from Cell 2 and Cell 4, and RSTD measurements from Cell 2 and Cell 3 within 4960 ms starting from the beginning of time interval T2.

The rate of the correct events for each cell observed during repeated tests shall be at least 90%, where the reported RSTD measurement for each correct event shall be within the RSTD reporting range specified in Clause 9.1.10.3, i.e., between RSTD_0000 and RSTD_12711.

NOTE:
The RSTD measurement times in the tests are derived from the following expression, 
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 parameters are specified in Clause 8.1.2.6.1, Table 8.1.2.6.1-1, under Note 1, which gives the total RSTD measurement time of 4960 ms for reporting the RSTD measurements of Cell 3 and Cell 4 with respect to the reference Cell 2.

	No
	Feature/requirements
	Type of Test
	No of tests
	Basic test configuration
	Comments

	1
	OTDOA RSTD Measurements for FDD E-UTRAN carrier aggregation (section 8.4)
	RSTD  measurement reporting in carrier aggregation in FDD 3 DL CA.
	1
	Number of cells = 4.

F1 is FDD; F2 is FDD; F3 is FDD.

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2

Cell3 and cell4 on F3

Cell BW = 10 MHz (all cells)
TAE between (cell2, cell1), (cell3, cell1) and (cell2, cell3) as specified in 3GPP TS 36.104, clause 6.5.3.1.
Cell4 to cell1 time offset: 3 (s

PRS periodicity= 320 ms on cell2, cell3 and cell4.
PRS Transmission bandwidth=50 RB
Non-DRX.

Test times: T1, T2 and T3.

Propagation: ETU70.
	SCC1 (F2) is configured but deactivated in T1. 

SCC2 (F3) is configured but deactivated in T1. 

Cell 2 is the OTDOA assistance data reference cell.
Test is designed for the scenario where the UE receives OTDOA assistance data with cells on SCC 1 and SCC 2, and the UE is expected to report RSTD measurements performed on SCC 1 and on SCC 2.

In the test, the UE shall perform and report the RSTD measurements from Cell 2 and Cell 4, and RSTD measurements from Cell 2 and Cell 3 within 4960 ms starting from the beginning of time interval T2.
Proposed sections:

A.8.17.x1 E-UTRAN FDD 3 DL CA RSTD measurement reporting delay test case

	2
	OTDOA RSTD Measurements for TDD E-UTRAN carrier aggregation (section 8.4)
	RSTD  measurement reporting in carrier aggregation in TDD 3 DL CA.
	1
	Number of cells = 4.

F1 is TDD; F2 is TDD; F3 is TDD.

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2

Cell3 and cell4 on F3

Cell BW = 10 MHz (all cells)
PRS Transmission bandwidth=50 RB
TAE between (cell2, cell1), (cell3, cell1) and (cell2, cell3) as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell4 to cell1 time offset: 3 (s

PRS periodicity= 320 ms on cell2, cell3 and cell4.
PRS Transmission bandwidth=50 RB
Non-DRX.

UL-DL configuration = 1.

Special subframe config = 6.

Test times: T1, T2 and T3.

Propagation: ETU70.
	SCC1 (F2) is configured but deactivated in T1. 

SCC2 (F3) is configured but deactivated in T1. 

Cell 2 is the OTDOA assistance data reference cell.
Test is designed for the scenario where the UE receives OTDOA assistance data with cells on SCC 1 and SCC 2, and the UE is expected to report RSTD measurements performed on SCC 1 and on SCC 2.

In the test, the UE shall perform and report the RSTD measurements from Cell 2 and Cell 4, and RSTD measurements from Cell 2 and Cell 3 within 4960 ms starting from the beginning of time interval T2.
Proposed sections:

A.8.17.x2 E-UTRAN TDD 3 DL CA RSTD measurement reporting delay test case

	3
	Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (9.1.12)
	RSTD measurement accuracy in FDD 3 DL CA.
	1
	Number of cells = 4.

F1 is FDD; F2 is FDD; F3 is FDD.

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2

Cell3 and cell4 on F3

Cell BW = 10 MHz (all cells)
TAE between (cell2, cell1), (cell3, cell1) and (cell2, cell3) as specified in 3GPP TS 36.104, clause 6.5.3.1.
Cell4 to cell1 time offset: 3 (s

Number of  consecutive positioning downlink sunbframes 
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PRS Transmission bandwidth=50 RB
Non-DRX.

Propagation: AWGN.
	SCC1 (F2) is configured but deactivated in T1. 

SCC2 (F3) is configured but deactivated in T1. 

Cell 2 is the OTDOA assistance data reference cell.
Test is designed for the scenario where the UE receives OTDOA assistance data with cells on SCC 1 and SCC 2, and the UE is expected to perform RSTD measurements on SCC 1 and on SCC 2.

RSTD measurement accuracy can meet the accuracy requirement in TS 36.133 clause 9.1.12
Proposed sections:
A.9.8.x1 E-UTRAN FDD RSTD measurement accuracy in 3DL Carrier Aggregation

	4
	Reference Signal Time Difference (RSTD) Measurement Accuracy Requirements for Carrier Aggregation (9.1.12)
	RSTD measurement accuracy in TDD 3 DL CA.
	1
	Number of cells = 4.

F1 is TDD; F2 is TDD; F3 is TDD.

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2

Cell3 and cell4 on F3

Cell BW = 10 MHz (all cells)
PRS Transmission bandwidth=50 RB
TAE between (cell2, cell1), (cell3, cell1) and (cell2, cell3) as specified in 3GPP TS 36.104, clause 6.5.3.1.

Number of  consecutive positioning downlink sunbframes 
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PRS Transmission bandwidth=50 RB
Non-DRX.

UL-DL configuration = 1.

Special subframe config = 6.

Propagation: AWGN.
	SCC1 (F2) is configured but deactivated in T1. 

SCC2 (F3) is configured but deactivated in T1. 

Cell 2 is the OTDOA assistance data reference cell.
Test is designed for the scenario where the UE receives OTDOA assistance data with cells on SCC 1 and SCC 2, and the UE is expected to perform RSTD measurements on SCC 1 and on SCC 2.

RSTD measurement accuracy can meet the accuracy requirement in TS 36.133 clause 9.1.12

Proposed sections:

A.9.8.x1 E-UTRAN TDD RSTD measurement accuracy in 3DL Carrier Aggregation


3 Time Plan for 3 DL CA RSTD measurement Tests

· RAN4#74 (Feb 2015)

· Agree on methodology for 3DL CA RSTD measurement
· RAN4#74bis (April 2015)

· Initial phase test drafts and alignment

· RAN4#75 (May 2015)
· Final CRs agreed for TS 36.133 

4 Conclusion
In this contribution, we point out impacts of Incmon to the criteria where an inter-frequency cell is considered to be known by the UE.
Proposal 1: Design 3DL RSTD test cases with reference cell on SCC 1 and all neighbour cells on SCC 2. The RSTD measurements accuracy test shall meet the inter-frequency RSTD accuracy requirements defined in clause 9.1.10.2.
Proposal 2: Add new sub section 8.4.5 Measurements on different secondary component carriers as shown in Appendix.
Proposal 3: No need to add RSTD measurement test cases for 4 and more DL CA.
Proposal 4: Only use 10MHz bandwidth for all 3DL CA RSTD measurement test cases.
Proposal 5: 3DL CA RSTD measurement test cases are defined when all CCs are FDD or TDD.

Proposal 6: Companies are invited to discuss if UE needs to support RSTD measurement on 3 or more carriers. 
Reference
[1] R4-147431, "test case list for RRM tests for 3DL CA", Ericsson, 2014 November.
Appendix
8.4
OTDOA RSTD Measurements for E-UTRAN carrier aggregation

8.4.1
Introduction

This clause contains RSTD measurement requirements on UE capabilities for support of E-UTRA carrier aggregation. Requirements in this clause are applicable to all carrier aggregation capable UE which have been configured with one or two downlink Scell(s). Non-configured frequencies may be measured with measurement gaps according to the requirements in clause 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies. Requirements in this clause are applicable for E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD carrier aggregation.
8.4.2
Measurements on the primary component carrier
The RSTD measurements on cells belonging to the primary component carrier shall meet all applicable requirements (FDD or TDD) specified in clause 8.1.2.5, i.e., E-UTRAN intra-frequency RSTD measurement period applies.
The RSTD measurement accuracy for all the measurements on the primary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12.

If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the primary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with any of the currently configured secondary component carrier(s). The UE shall also meet the OTDOA measurement and accuracy requirements for the primary component carrier. However in this case the total RSTD measurement period (
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corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in clause 8.1.2.5.
Furthermore, due to the PCell changing the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of those PCell/SCell(s) on whose carriers RSTD measurement is performed during the RSTD measurement period.

8.4.3
Measurements on a secondary component carrier
The RSTD measurements when all cells are on a configured secondary component carrier shall meet all applicable requirements (FDD or TDD) specified in clause 8.1.2.5, i.e., E-UTRAN intra-frequency RSTD measurement period applies, regardless of whether the Scell on the corresponding frequency is activated or deactivated by the MAC-CE commands as specified in [17].
The RSTD measurement accuracy for all the measurements on the secondary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12.

A UE may reconfigure receiver bandwidth taking into account the SCell activation/deactivation status, and when making RSTD measurements on cells belonging to SCC with deactivated SCell. This may cause interruptions (packet drops) to a PCell when the PCell and the SCell belong to the adjacent or non-adjacent component carriers in the same frequency band or to different frequency bands. In this case, the UE shall follow the interruption requirements specified in Section 7.10.:
If the PCell is changed, regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the secondary component carrier, then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with any of the currently configured secondary component carrier(s). The UE shall also meet the OTDOA measurement and accuracy requirements for the secondary component carrier. However in this case the total RSTD measurement period (
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 corresponds to the E-UTRAN intra-frequency RSTD measurement period as specified in clause 8.1.2.5.

Furthermore, due to the PCell changing the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of those PCell/SCell(s) on whose carriers RSTD measurement is performed during the RSTD measurement period.

8.4.4
Measurements on both primary component carrier and a secondary component carrier
The RSTD measurements of cells on both primary component carrier and a configured secondary component carrier shall meet all applicable requirements (FDD-FDD, TDD-TDD, TDD-FDD or FDD-TDD inter-Frequency OTDOA) specified in clause 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies regardless of whether the SCell on the corresponding frequency is activated or deactivated by the MAC-CE commands as specified in [17], with the following exceptions

-
the number of PRS positioning occasions is as specified in Table 8.4.4-1 shall apply, and

-
TDD uplink-downlink subframes configurations as specified in Clause 8.1.2.5.2, Table 8.1.2.5.2-2 shall apply.
Table 8.4.4-1: Number of PRS positioning occasions within measurement period

	Positioning subframe configuration period 
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	160 ms
	32

	>160 ms
	16


The RSTD measurement accuracy for all the measurements on both primary component carrier and the secondary component carrier shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12. 

A UE may reconfigure its receiver bandwidth taking into account the SCell activation/deactivation status, and when performing RSTD measurements on cells belonging to at least SCC with deactivated SCell. This may cause interruptions (packet drops) on a PCell when the PCell and the SCell belong to the adjacent or non-adjacent component carriers in the same frequency band or to different frequency bands. In this case, the UE shall follow the interruption requirements specified in Section 7.10:

If the PCell is changed regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to both the primary component carrier and the secondary component carrier then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with any of the currently configured secondary component carrier(s). The UE shall also meet the OTDOA measurement and accuracy requirements for the primary and secondary component carrier. However in this case the total RSTD measurement period (
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 corresponds to the E-UTRAN inter-frequency RSTD measurement period as specified in clause 8.1.2.6 with the exception that the number of PRS positioning occasions is as specified in Table 8.4.4-1.
Furthermore, due to the PCell changing the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of those PCell/SCell(s) on whose carriers RSTD measurement is performed during the RSTD measurement period.

8.4.5
Measurements on different secondary component carriers
The RSTD measurements of cells on different configured secondary component carriers shall meet all applicable requirements (FDD-FDD, TDD-TDD, TDD-FDD or FDD-TDD inter-Frequency OTDOA) specified in clause 8.1.2.6, i.e., E-UTRAN inter-frequency RSTD measurement period applies regardless of whether the SCell on the corresponding frequency is activated or deactivated by the MAC-CE commands as specified in [17], with the following exceptions

-
the number of PRS positioning occasions is as specified in Table 8.4.4-1 shall apply, and

-
TDD uplink-downlink subframes configurations as specified in Clause 8.1.2.5.2, Table 8.1.2.5.2-2 shall apply.
Table 8.4.4-1: Number of PRS positioning occasions within measurement period

	Positioning subframe configuration period 
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	Number of PRS positioning occasions 
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	160 ms
	32

	>160 ms
	16


The RSTD measurement accuracy for all the measurements on the secondary component carriers shall be fulfilled according to the accuracy as specified in the sub-clause 9.1.12. 

A UE may reconfigure its receiver bandwidth taking into account the SCell activation/deactivation status, and when performing RSTD measurements on cells belonging to at least SCC with deactivated SCell. This may cause interruptions (packet drops) on a PCell when the PCell and the SCell belong to the adjacent or non-adjacent component carriers in the same frequency band or to different frequency bands. In this case, the UE shall follow the interruption requirements specified in Section 7.10:

If the PCell is changed regardless whether the primary component carrier is changed or not while the RSTD measurements are being performed on cells belonging to the secondary component carriers then the UE shall complete the ongoing OTDOA measurement session. In case of change of the primary component carrier, the requirements shall apply only if the primary component carrier is swapped with any of the currently configured secondary component carrier(s). The UE shall also meet the OTDOA measurement and accuracy requirements for the secondary component carriers. However in this case the total RSTD measurement period (
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 is the time during which the RSTD measurement may not be possible due to PCell change; it can be up to 25 ms,
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 corresponds to the E-UTRAN inter-frequency RSTD measurement period as specified in clause 8.1.2.6 with the exception that the number of PRS positioning occasions is as specified in Table 8.4.4-1.
Furthermore, due to the PCell changing the UE shall meet the RSTD measurement accuracy for a PRS bandwidth which is not larger than the minimum channel bandwidth of those PCell/SCell(s) on whose carriers RSTD measurement is performed during the RSTD measurement period.
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