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1 Introduction
In RAN4#97-e, the following test case list was agreed [1] for NR positioning:
	TC1
	RSTD measurement requirements for FR1 in SA
	A6.6.x RSTD measurements
	Intel

	TC 2
	RSTD measurement requirements for FR2 in SA
	A7.6.x RSTD measurements
	Intel

	TC 3
	PRS-RSRP measurement requirements for FR1 in SA
	A6.6.xx PRS-RSRP measurements
	Huawei

	TC 4
	PRS-RSRP measurement requirements for FR2 in SA
	A7.6.xx PRS-RSRP measurements
	CATT

	TC 5
	UE Rx-Tx time difference measurement requirements for FR1 in SA
	A6.6.xxx UE Rx-Tx time difference measurements
	Ericsson

	TC 6
	UE Rx-Tx time difference measurement requirements for FR2 in SA
	A7.6.xxx UE Rx-Tx time difference measurements
	Ericsson

	TC 7
	RSTD measurement accuracy for FR1 in SA
	A6.7.x RSTD measurements
	Huawei

	TC 8
	RSTD measurement accuracy for FR2 in SA
	A7.7.x RSTD measurements
	Huawei

	TC 9
	PRS RSRP measurement accuracy for FR1 in SA
	A6.7.xx xx PRS-RSRP measurements
	ZTE

	TC 10
	PRS RSRP measurement accuracy for FR2 in SA
	A7.7.xx xx PRS-RSRP measurements
	ZTE

	TC 11
	UE Rx-Tx time difference measurement accuracy for FR1 in SA
	A6.7.xxx UE Rx-Tx time difference measurements
	Ericsson

	TC 12
	UE Rx-Tx time difference measurement accuracy for FR2 in SA
	A7.7.xxx UE Rx-Tx time difference measurements
	Ericsson

	
	FFS: NR-DC with FR1 PCell and FR2 PSCell
	
	


And the following general agreements on test cases were made in [2]:
· No need to define separated E-CID test case in Rel16

· Define test cases for
· SA FR1 without CA
· SA FR2 without CA
· FFS: NR-DC with FR1 PCell and FR2 PSCell

· NO DRX case will be tested only for NR positioning measurement requirements in Rel16

· General PRS configuration for NR Positioning test case: FFS

· SRS configuration for NR Positioning test case: FFS

· Number of cells/TRPs for NR Positioning test case: FFS

· Option 1a. for RSTD measurement requirements, test cases with 3 cells are developed: NR PCell (cell 1) and two NR neighbor cells (cell 2, cell 3);
· for RSTD measurement accuracy requirements, test cases with 2 cells can be sufficient, provided separate test cases are developed for measurements on the same and different frequency layers: NR PCell (cell 1) and one NR neighbor cell (cell 2)
· for PRS-RSRP (DL-AoD) and UE Rx-Tx time difference measurement requirements and measurement accuracy requirements, the same test set-up as for RSTD can be used
· Option 2: two TRPs in the test case

· Number of positioning frequency layers: FFS

· Option 1: The number of positioning frequency layers measured cannot be larger than 2. 

· Option 2: There are one PRS frequency layer 

· Synchronous/Asynchronous cells: FFS
· Muting pattern: FFS whether to use muting or not in test cases

In this contribution, we discuss further test cases for NR positioning in Rel-16.
2 Test case list
In [1], it is still to be further discussed:

· FFS: NR-DC with FR1 PCell and FR2 PSCell

NR-DC is supported for NR positioning, so there should be at least some minimum test coverage for this NR deployment, in addition to the already agreed SA test cases within a single FR. Alternatively, a mix of FR1 and FR2 could be tested in a CA test case or SA with FR1 PCell and FR2 neighors.
· Observation 1: Only test cases for SA NR with a single FR have been agreed for NR positioning so far; no test cases have been agreed so far for deployments with both FR1 and FR2.
· Proposal 1: RAN4 will define NR positioning test cases for NR-DC, where PCell is in FR1, and PSCell is in FR2; otherwise define test cases for other deployments with both FR1 and FR2 (e.g., CA or SA with FR1 PCell and FR2 neighbors).

3 Number of frequency layers
The current high-level agreement [2] on the number of frequency layers:

· Number of positioning frequency layers: FFS
· Option 1: The number of positioning frequency layers measured cannot be larger than 2. 
· Option 2: There are one PRS frequency layer 
It is important that measurements on the same and different frequency layers are tested.

· Proposal 2: Each measurement type (RSTD, PRS-RSRP, or UE Rx-Tx) is tested in both configurations:

· The cells are spread on two frequencies (regardless on the number of cells agreed for the test) 

· All cells are on the same frequency
So, the agreed test case list needs to be further clarified with respect to frequencies.
· Proposal 3: Further clarify the test case list:

	TC1a
	RSTD measurement requirements for FR1 in SA, for the same frequency
	A6.6.x RSTD measurements

	TC1b
	RSTD measurement requirements for FR1 in SA, for different frequencies
	A6.6.x RSTD measurements

	TC 2a
	RSTD measurement requirements for FR2 in SA, for the same frequency
	A7.6.x RSTD measurements

	TC 2b
	RSTD measurement requirements for FR2 in SA, for different frequencies
	A7.6.x RSTD measurements

	TC 3a
	PRS-RSRP measurement requirements for FR1 in SA, for the same frequency
	A6.6.xx PRS-RSRP measurements

	TC 3b
	PRS-RSRP measurement requirements for FR1 in SA, for different frequencies
	A6.6.xx PRS-RSRP measurements

	TC 4a
	PRS-RSRP measurement requirements for FR2 in SA, for the same frequency
	A7.6.xx PRS-RSRP measurements

	TC 4b
	PRS-RSRP measurement requirements for FR2 in SA, for different frequencies
	A7.6.xx PRS-RSRP measurements

	TC 5a
	UE Rx-Tx time difference measurement requirements for FR1 in SA, for the same frequency
	A6.6.xxx UE Rx-Tx time difference measurements

	TC 5b
	UE Rx-Tx time difference measurement requirements for FR1 in SA, for different frequenciesv
	A6.6.xxx UE Rx-Tx time difference measurements

	TC 6a
	UE Rx-Tx time difference measurement requirements for FR2 in SA, for the same frequency
	A7.6.xxx UE Rx-Tx time difference measurements

	TC 6b
	UE Rx-Tx time difference measurement requirements for FR2 in SA, for different frequencies
	A7.6.xxx UE Rx-Tx time difference measurements

	TC 7a
	RSTD measurement accuracy for FR1 in SA, for the same frequency
	A6.7.x RSTD measurements

	TC 7b
	RSTD measurement accuracy for FR1 in SA, for different frequencies
	A6.7.x RSTD measurements

	TC 8a
	RSTD measurement accuracy for FR2 in SA, for the same frequency
	A7.7.x RSTD measurements

	TC 8b
	RSTD measurement accuracy for FR2 in SA, for different frequencies
	A7.7.x RSTD measurements

	TC 9a
	PRS RSRP measurement accuracy for FR1 in SA, for the same frequency
	A6.7.xx xx PRS-RSRP measurements

	TC 9b
	PRS RSRP measurement accuracy for FR1 in SA, for different frequencies
	A6.7.xx xx PRS-RSRP measurements

	TC 10a
	PRS RSRP measurement accuracy for FR2 in SA, for the same frequency
	A7.7.xx xx PRS-RSRP measurements

	TC 10b
	PRS RSRP measurement accuracy for FR2 in SA, for different frequencies
	A7.7.xx xx PRS-RSRP measurements

	TC 11a
	UE Rx-Tx time difference measurement accuracy for FR1 in SA, for the same frequency
	A6.7.xxx UE Rx-Tx time difference measurements

	TC 11b
	UE Rx-Tx time difference measurement accuracy for FR1 in SA, for different frequencies
	A6.7.xxx UE Rx-Tx time difference measurements

	TC 12a
	UE Rx-Tx time difference measurement accuracy for FR2 in SA, for the same frequency
	A7.7.xxx UE Rx-Tx time difference measurements

	TC 12b
	UE Rx-Tx time difference measurement accuracy for FR2 in SA, for different frequencies
	A7.7.xxx UE Rx-Tx time difference measurements


4 Number of cells
In LTE, the number of cells in RSTD measurements test cases is 3, while the number of cells in RSTD accuracy test cases is 2. However, there are separate intra- and inter-frequency test cases defined. The same approach is proposed also for RSTD test cases in NR.
· Proposal 4: The number of cells in RSTD test cases:

· 3 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies).
Unlike for RSTD measurements involving two cells in each measurement, each NR UE Rx-Tx or PRS-RSRP measurement is based on a single cell. Therefore, 2 cells are sufficient for testing these measurements.
· Proposal 5: The number of cells in PRS-RSRP test cases:

· 2 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies), with
· separate tests in the same test case for the different signal levels in the requirements
· absolute measurements (on two cells) and relative measurements (on 1 cell) accuracy are tested in the same test

· Proposal 6: The number of cells in UE Rx-Tx test cases:

· 2 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies).

NOTE: the signal levels in the two cells correspond to the different signal levels in the requirements.
5 Measurement bandwidth

The PRS bandwidth can vary from a rather small to a very large in NR. Therefore, it is important to secure the performance for different bandwidth ranges.

· Proposal 7: In each test case, the NR measurements are tested for multiple measurement bandwidths, with at least:

· the smallest bandwidth, 

· a bandwidth from the medium bandwidths range (e.g., >48 PRBs in FR1 or >32 PRBs in FR2),

· a bandwidth from the large bandwidths range (e.g., >132 PRBs in FR1 or >64 PRBs in FR2).

6 PRS configurations
The requirements will be defined at least for the case without repetitions (within a slot or across slots within a single PRS periodicity), therefore it is sufficient to define test cases without repetitions.
· Proposal 8: No PRS repetitions (within a slot or across slots within a single PRS period) are configured in NR positioning test cases.
The standard allows for various configurations of PRS periodicity and MGL, and in principle there is no limit on the relation between the two; and the requirements are generic too.
· Proposal 9: In each test case the NR measurements are tested for two combinations of PRS periodicity and MGL, e.g.:
· TPRS>MGL, and
· TPRS<MGL.

· Proposal 10: PRS SCS is the same as SSB SCS.

7 Measurement reporting configuration

The NR positioning measurements can be configured to be reported in many different ways, also depending on UE capabilities. Test cases should be based on the basic reporting functionality.
· Proposal 11: The network configured k is set as follows:
· timingReportingGranularityFactor=0 for FR1,
· timingReportingGranularityFactor=2 for FR2.
· Proposal 12: Absolute measurement reporting is tested.

· Proposal 13: No additional path reporting is configured (additionalPaths is not included in the measurement request).

· Proposal 14: No PRS-RSRP is configured together for multi-RTT (nr-RequestedMeasurements in the measurement request indicates no PRS-RSRP is requested together with UE Rx-Tx).
8 DRX configuration

Even though it was agreed in RAN4#97-e that NO DRX case will be tested only for NR positioning measurement requirements in Rel16, we think that the requirements shall be tested under DRX, like in LTE, since the requirements are the same with and without DRX, and the DRX case shall be tested in this case.

· Proposal 15: Configure DRX in all NR positioning test cases.
9 Supported test configurations

The following supported test configurations are proposed for NR positioning test cases.

· Proposal 16: Supported test configurations for FR1:

	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:
The UE is only required to be tested in one of the supported test configurations.


· Proposal 17: Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode


10 SRS configuration
Some of the parameter values in the SRS transmission configuration are proposed below for UE Rx-Tx test cases. We also observe that it may be meaningless to have SRS SCS larger than SSB SCS, since the already limited UL coverage will be even more limited; and having a smaller SRS SCS than that for SSB may also be not a typical case. 
· Proposal 18: SRS configuration in UE Rx-Tx test cases is based on the following assumptions:

· frequency hopping: no

· group or sequence hopping: no

· Number of antenna ports: 1

· Resource type: periodic

· SCS: same as for SSB.
11 Summary

The following have been observed and proposed in this contribution.
· Observation 1: Only test cases for SA NR with a single FR have been agreed for NR positioning so far; no test cases have been agreed so far for deployments with both FR1 and FR2.
· Proposal 1: RAN4 will define NR positioning test cases for NR-DC, where PCell is in FR1, and PSCell is in FR2; otherwise define test cases for other deployments with both FR1 and FR2 (e.g., CA or SA with FR1 PCell and FR2 neighbors).

· Proposal 2: Each measurement type (RSTD, PRS-RSRP, or UE Rx-Tx) is tested in both configurations:

· The cells are spread on two frequencies (regardless on the number of cells agreed for the test) 

· All cells are on the same frequency

· Proposal 3: Further clarify the test case list:

	TC1a
	RSTD measurement requirements for FR1 in SA, for the same frequency
	A6.6.x RSTD measurements

	TC1b
	RSTD measurement requirements for FR1 in SA, for different frequencies
	A6.6.x RSTD measurements

	TC 2a
	RSTD measurement requirements for FR2 in SA, for the same frequency
	A7.6.x RSTD measurements

	TC 2b
	RSTD measurement requirements for FR2 in SA, for different frequencies
	A7.6.x RSTD measurements

	TC 3a
	PRS-RSRP measurement requirements for FR1 in SA, for the same frequency
	A6.6.xx PRS-RSRP measurements

	TC 3b
	PRS-RSRP measurement requirements for FR1 in SA, for different frequencies
	A6.6.xx PRS-RSRP measurements

	TC 4a
	PRS-RSRP measurement requirements for FR2 in SA, for the same frequency
	A7.6.xx PRS-RSRP measurements

	TC 4b
	PRS-RSRP measurement requirements for FR2 in SA, for different frequencies
	A7.6.xx PRS-RSRP measurements

	TC 5a
	UE Rx-Tx time difference measurement requirements for FR1 in SA, for the same frequency
	A6.6.xxx UE Rx-Tx time difference measurements

	TC 5b
	UE Rx-Tx time difference measurement requirements for FR1 in SA, for different frequenciesv
	A6.6.xxx UE Rx-Tx time difference measurements

	TC 6a
	UE Rx-Tx time difference measurement requirements for FR2 in SA, for the same frequency
	A7.6.xxx UE Rx-Tx time difference measurements

	TC 6b
	UE Rx-Tx time difference measurement requirements for FR2 in SA, for different frequencies
	A7.6.xxx UE Rx-Tx time difference measurements

	TC 7a
	RSTD measurement accuracy for FR1 in SA, for the same frequency
	A6.7.x RSTD measurements

	TC 7b
	RSTD measurement accuracy for FR1 in SA, for different frequencies
	A6.7.x RSTD measurements

	TC 8a
	RSTD measurement accuracy for FR2 in SA, for the same frequency
	A7.7.x RSTD measurements

	TC 8b
	RSTD measurement accuracy for FR2 in SA, for different frequencies
	A7.7.x RSTD measurements

	TC 9a
	PRS RSRP measurement accuracy for FR1 in SA, for the same frequency
	A6.7.xx xx PRS-RSRP measurements

	TC 9b
	PRS RSRP measurement accuracy for FR1 in SA, for different frequencies
	A6.7.xx xx PRS-RSRP measurements

	TC 10a
	PRS RSRP measurement accuracy for FR2 in SA, for the same frequency
	A7.7.xx xx PRS-RSRP measurements

	TC 10b
	PRS RSRP measurement accuracy for FR2 in SA, for different frequencies
	A7.7.xx xx PRS-RSRP measurements

	TC 11a
	UE Rx-Tx time difference measurement accuracy for FR1 in SA, for the same frequency
	A6.7.xxx UE Rx-Tx time difference measurements

	TC 11b
	UE Rx-Tx time difference measurement accuracy for FR1 in SA, for different frequencies
	A6.7.xxx UE Rx-Tx time difference measurements

	TC 12a
	UE Rx-Tx time difference measurement accuracy for FR2 in SA, for the same frequency
	A7.7.xxx UE Rx-Tx time difference measurements

	TC 12b
	UE Rx-Tx time difference measurement accuracy for FR2 in SA, for different frequencies
	A7.7.xxx UE Rx-Tx time difference measurements


· Proposal 4: The number of cells in RSTD test cases:

· 3 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies).
· Proposal 5: The number of cells in PRS-RSRP test cases:

· 2 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies), with

· separate tests in the same test case for the different signal levels in the requirements
· absolute measurements (on two cells) and relative measurements (on 1 cell) accuracy are tested in the same test
· Proposal 6: The number of cells in UE Rx-Tx test cases:

· 2 for measurements testing,

· 2 for accuracy testing (provided there are separate test cases for the same and different frequencies).

NOTE: the signal levels in the two cells correspond to the different signal levels in the requirements.
· Proposal 7: In each test case, the NR measurements are tested for multiple measurement bandwidths, with at least:

· the smallest bandwidth, 

· a bandwidth from the medium bandwidths range (e.g., >48 PRBs in FR1 or >32 PRBs in FR2),

· a bandwidth from the large bandwidths range (e.g., >132 PRBs in FR1 or >64 PRBs in FR2).

· Proposal 8: No PRS repetitions (within a slot or across slots within a single PRS period) are configured in NR positioning test cases.
· Proposal 9: In each test case the NR measurements are tested for two combinations of PRS periodicity and MGL, e.g.:

· TPRS>MGL, and
· TPRS<MGL.
· Proposal 10: PRS SCS is the same as SSB SCS.

· Proposal 11: The network configured k is set as follows:
· timingReportingGranularityFactor=0 for FR1,
· timingReportingGranularityFactor=2 for FR2.
· Proposal 12: Absolute measurement reporting is tested.

· Proposal 13: No additional path reporting is configured (additionalPaths is not included in the measurement request).

· Proposal 14: No PRS-RSRP is configured together for multi-RTT (nr-RequestedMeasurements in the measurement request indicates no PRS-RSRP is requested together with UE Rx-Tx).
· Proposal 15: Configure DRX in all NR positioning test cases.
· Proposal 16: Supported test configurations for FR1:

	Configuration
	Description

	1
	15 kHz SSB SCS, 10 MHz bandwidth, FDD duplex mode

	2
	15 kHz SSB SCS, 10 MHz bandwidth, TDD duplex mode

	3
	30 kHz SSB SCS, 40 MHz bandwidth, TDD duplex mode

	NOTE:
The UE is only required to be tested in one of the supported test configurations.


· Proposal 17: Supported test configurations for FR2:
	Configuration
	Description

	1
	120 kHz SSB SCS, 100 MHz bandwidth, TDD duplex mode


· Proposal 18: SRS configuration in UE Rx-Tx test cases is based on the following assumptions:

· frequency hopping: no

· group or sequence hopping: no

· Number of antenna ports: 1

· Resource type: periodic

· SCS: same as for SSB.
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