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Introduction
In RAN4#98-e meeting, RAN4 continued the discussion of how to design test cases for NR positioning. Agreements and open issues were captured in a WF [1]. In this paper, we discuss the following topics:
· Deployment scenarios
· Testing of different side conditions for UE Rx-Tx
· Testing of multiple PRS bandwidths
· Test cases for serving carrier frequencies and non-serving carrier frequencies
· Absolute vs. differential measurement reporting
· Reference PRS configurations
· Reference SRS configurations
· Reference test configurations
· Number of cells/TRPs for NR positioning test cases
· Number of positioning frequency layers
· PRS muting pattern
· Synchronous vs asynchronous cells
Deployment scenarios
Regarding test cases for different deployment scenarios the following options are given in the WF [1]:
· Option 1:  Only need to define the test cases for SA  
· Option 2 : 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).

We don’t see a benefit or motivation for testing complicated scenarios involving dual connectivity or CA. We prefer option 1.

Proposal 1: Only define test cases for SA.
Testing of different side conditions for UE Rx-Tx
Regarding the testing of different side conditions, we have the following options [1]:
· Option 1
· Both SINR side conditions for UE Rx-Tx are tested in the same test with two cells.
· For PRS-RSRP, there can be separate tests (e.g., Test 1, Test 2, …) inside the test case, one for each side condition.
· Option 2
· by multiple sub-tests in each TC, or by associating different cells with different Es/Iot in a single test

In our view, RAN4 should try to limit the number of test cases whenever it is practical to do so. For NR positioning we expect all test scenarios to include at least two cells. It should be possible to reuse most of the test configuration and create test cases where multiple (2) SINR conditions are tested simultaneously in the same test case.
Proposal 2: Multiple (2) SINR conditions for UE Rx-Tx and PRS-RSRP could be tested in one test case.
Testing of multiple PRS bandwidths
Regarding testing of multiple PRS bandwidths the following options were offered [1]:
· Option 1. Define two subtests per accuracy test cases corresponding to different combinations of {Es/Iot, PRS BW}.
· Option 2. 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).

We do not quite understand the proposal in option 1. E.g. for RSTD in each test cases there would be cells at two different Es/Iot, the reference cell side condition and the neighor cell side condition. How would option 1 be applied in that case? And for UE Rx-Tx and PRS-RSRP I believe most companies support testing two SINR side conditions in the same cases. That seems to contradict option 1. Perhaps some clarification is needed.
Similar to the LTE RSTD test cases, we suggest testing two PRS BW configurations per test.
The first configuration could be the minimum PRS BW supported (PRBs = 24) paired with the smallest SCS for the FR being tested, i.e. SCS = 15 kHz for FR1 and SCS = 60 kHz for FR2.
The second configuration could be the highest PRS BW (num. PRBs) supported by the UE among the PRS reference configurations than RAN4 will define, paired with the highest SCS for the FR being tested (SCS = 30 kHz for FR1 and SCS = 120 kHz for FR2).
Proposal 3: Test two PRS BW configurations per test
a. The first configuration could be the minimum PRS BW supported (PRBs = 24) paired with the smallest SCS for the FR being tested, i.e. SCS = 15 kHz for FR1 and SCS = 60 kHz for FR2.
b. The second configuration could be the highest PRS BW (num. PRBs) supported by the UE among the PRS reference configurations than RAN4 will define, paired with the highest SCS for the FR being tested (SCS = 30 kHz for FR1 and SCS = 120 kHz for FR2).
Test cases for serving carrier frequencies and non-serving carrier frequencies
For this question there was one option listed in the WF [1]:
· Option 1: define test cases for the serving carrier frequencies and non-serving carrier frequencies. The agreed TC list in R4 #97e shall be updated.

In our view, it would be reasonable to test 1 and 2 PFLs in RSTD test cases and 1 PFL in UE Rx-Tx and PRS-RSRP test cases. Note that for UE Rx-Tx, RAN4 has agreed to define measurement requirements assuming SRS resources are in the same band as PRS resources.
Note also that some UEs may only support a single PFL so for RSTD RAN4 should define test cases with one PFL and optionally with 2 PFLs.
Proposal 4: RAN4 should define test cases with one PFL for RSTD, PRS-RSRP and UE Rx-Tx. Optionally, RAN4 could also define RSTD test cases with two PFLs.
Absolute vs. differential measurement reporting
On the question of absolute vs. differential reporting there are two options in the WF [1]:
· Option 1: Specify two RSTD measurement accuracy sub-tests: Absolute RSTD, Differential RSTD
· Option 2: Absolute measurement reporting is tested for all PRS measurements

We would favor defining test cases with absolute reporting for RSTD and UE Rx-Tx. For PRS-RSRP we would favor defining test cases with differential reporting and optionally with absolute reporting.
Proposal 5: For RSTD and UE Rx-Tx define test cases with absolute reporting. For PRS-RSRP define test cases with differential reporting and optionally with absolute reporting.
Reference PRS configurations
Proposal 6:
a. Use 160 ms PRS periodicity as baseline for all tests. Offsets may be specified in each test case in order to achieve orthogonality between PRS resources from multiple TRPs.
b. Comb size equal to 2 or 4 would be good choices. Number of PRS symbols = K*comb_size, K = 1, 2, 3 (if needed).
c. Specify multiple PRS BW configurations matching the ones specified in the accuracy requirements. E.g. number of PRBs = 24, 48, 96, 192, 264.
Reference SRS configurations
Proposal 7: Match SRS periodicity to PRS periodicity, i.e. 160 ms.


Reference test configurations
In RAN4#98-e the following reference test configurations were proposed for FR1 and FR2 [2].
· Option 1 (Ericsson): 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.



· Option 1 (Ericsson): Supported test configurations for FR2:
	Configuration
	Description

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



Our response was that we could agree with the proposals assuming that the configurations above refer to the Pcell configurations and do not constrain the PRS bandwidth and SCS to be tested in each test case. There was no response to our question. We would support the options above if the requested clarification is confirmed.
Proposal 8: Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
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.



Supported test configurations for FR2:
	Configuration
	Description

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



 Number of cells/TRPs for NR positioning test cases
Regarding this question, the following options were listed in the WF [1]:
· 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

We prefer option 1a, it would allow more flexibility to define at least some test cases with multiple positioning frequency layers. Reusing test configurations across test cases, when appropriate, would also be beneficial.
Proposal 9: 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).

 Number of positioning frequency layers 
For this topic the following options were listed in the WF [1]:
· Option 1: The number of positioning frequency layers measured cannot be larger than 2. 
· Option 2: There are one PRS frequency layer  

Given that RAN4 has specified measurement requirements for cases where multiple positioning frequency layers are configured by the network, we think at least some test cases should feature more than one positioning frequency layers.
Note: Some UEs may only support a single PFL.
Proposal 10: At least some test cases for NR positioning should feature more than one positioning frequency layer.
 PRS muting pattern
The current PRS measurement requirements do not account properly for type 1 PRS muting. At least for the time being, we think it is preferrable to exclude type 1 PRS muting from the PRS configurations specified for NR positioning test cases.
Proposal 11: FFS whether type 1 PRS muting should be used in the test case PRS configurations, pending the outcome of the discussion of whether and how to modify measurement period requirements to account for type 1 PRS muting.
 Synchronous vs. asynchronous cells/TRPs
In our view the test cases should be designed so that PRS resources from different TRPs in the same positioning frequency layer do not cause unanticipated interference to each other. i.e. the test design should guarantee that the required Es/Iot side conditions are met.
Proposal 12: Time synchronicity constraints between cells/TRPs may be incorporated in the test configurations to the extent needed to ensure that the Es/Iot side conditions are met during testing.
 Conclusions
Proposal 1: Only define test cases for SA.

Proposal 2: Multiple (2) SINR conditions for UE Rx-Tx and PRS-RSRP could be tested in one test case.
Proposal 3: Test two PRS BW configurations per test
a. The first configuration could be the minimum PRS BW supported (PRBs = 24) paired with the smallest SCS for the FR being tested, i.e. SCS = 15 kHz for FR1 and SCS = 60 kHz for FR2.
b. The second configuration could be the highest PRS BW (num. PRBs) supported by the UE among the PRS reference configurations than RAN4 will define, paired with the highest SCS for the FR being tested (SCS = 30 kHz for FR1 and SCS = 120 kHz for FR2).

Proposal 4: RAN4 should define test cases with one PFL for RSTD, PRS-RSRP and UE Rx-Tx. Optionally, RAN4 could also define RSTD test cases with two PFLs.
Proposal 5: For RSTD and UE Rx-Tx define test cases with absolute reporting. For PRS-RSRP define test cases with differential reporting and optionally with absolute reporting.
Proposal 6:
a. Use 160 ms PRS periodicity as baseline for all tests. Offsets may be specified in each test case in order to achieve orthogonality between PRS resources from multiple TRPs.
b. Comb size equal to 2 or 4 would be good choices. Number of PRS symbols = K*comb_size, K = 1, 2, 3 (if needed).
c. Specify multiple PRS BW configurations matching the ones specified in the accuracy requirements. E.g. number of PRBs = 24, 48, 96, 192, 264.

Proposal 7: Match SRS periodicity to PRS periodicity, i.e. 160 ms.
Proposal 8: Support the proposed reference test configurations below under the assumption that they correspond to the Pcell configuration and do not constrain the PRS bandwidth and SCS to be tested in each test case. 
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.



Supported test configurations for FR2:
	Configuration
	Description

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



Proposal 9: 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).
Proposal 10: At least some test cases for NR positioning should feature more than one positioning frequency layer.
Proposal 11: FFS whether type 1 PRS muting should be used in the test case PRS configurations, pending the outcome of the discussion of whether and how to modify measurement period requirements to account for type 1 PRS muting.
Proposal 12: Time synchronicity constraints between cells/TRPs may be incorporated in the test configurations to the extent needed to ensure that the Es/Iot side conditions are met during testing.
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