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Introduction
In RAN4#97, the RRM tests for NR positioning requirements are discussed, and the outcomes are captured in [1]. There are several issues to be further discussed:
· Whether to define test cases for NR-DC
· General PRS and SRS configuration for NR Positioning test case
· Test setup
· Number of cells/TRPs for NR Positioning test case
· Number of positioning frequency layers
· Synchronous/Asynchronous cells
· Muting pattern
· PRS configuration and Es/Iot for accuracy tests 
In this paper we will provide our views on the RRM tests for NR positioning.
Discussion
Test for NR-DC
	· Define test cases for
· SA FR1 without CA
· SA FR2 without CA
· FFS: NR-DC with FR1 PCell and FR2 PSCell


We do not see the need to define positioning RRM test cases particularly for NR-DC since whether there is an NR PSCell configured does not impact the positioning measurement performance, so testing NR SA is sufficient. This is also aligned with testing scope of existing RRM test cases.  . 
Proposal 1: Define positioning RRM test cases for NR SA only.
General PRS and SRS configuration
	· General PRS configuration for NR Positioning test case : FFS
· SRS configuration for NR Positioning test case: FFS


PRS configuration
· PRS periodicity of offset
We suggest to use a common value 160ms which is a typical configuration in deployments. The offset is suggested to be 10ms to avoid SSB collision. In RAN4#97, some company proposed to scale the periodicity with SCS, i.e. 1/2^u *160ms. This would give 20ms PRS periodicity for FR2 120kHz SCS, and we do not think is a typical case considering the overhead.
· BW
So far the RRM test cases are defined with 3 BWs, i.e. 10MHz for 15kHz SCS, 40MHz for 30kHz SCS and 100MHz for 120kHz SCS. We suggest to re-use these BWs as the general PRS BW for positioning tests. It is noted that for measurement accuracy tests, the BWs to be tested needs to be further discussed since the accuracy requirements are quite dependent on the BW.
· Repetition
In our discussion paper [2], we propose to use the concept of comb pattern to define the repetition number, and the repetition is given by dl-PRS-ResourceRepetitionFactor * dl-PRS-NumSymbols / dl-PRS-CombSizeN. In this way, the comb size does not impact the performance, so we suggest to use comb size 2 for all test cases. 
Regarding the repetition number, based on our simulation results, for the proposed PRS BW above, 1-repetition is needed for RSTD and UE Rx-Tx, while 2-repetition is needed for PRS-RSRP, so we suggest to define two PRS RMCs with different repetition numbers. 
Furthermore, for 2-repetition, we suggest to use intra-slot repetition, i.e. the number of PRS symbols in a slot is 4 (for comb size 2 this will give repetition factor of 2) and the number of PRS slot is 1.
In summary, the general PRS configurations are given in Table 1.
Proposal 2: Consider Table 1 for general PRS configuration for positioning RRM test cases.
Table 1: general PRS configuration for positioning RRM test cases
	
	PRS Pattern 1.1
	PRS Pattern 1.2
	PRS Pattern 2.1
	PRS Pattern 2.2
	PRS Pattern 3.1
	PRS Pattern 3.2

	SCS
	FR1, 15k
	FR1, 30k
	FR2, 120k

	PRS periodicity and offset
	160ms, 10ms

	BW (num of PRBs)
	52
	106
	66

	Comb size
	2

	Number of PRS symbols
	2
	4
	2
	4
	2
	4

	Number of PRS slots
	1


SRS configuration
SRS is only needed for UE Tx-Tx test cases. Since the SRS configuration does not impact the measurement performance, it is sufficient to define a single SRS configuration for each SCS with one SRS resource. 
· BW: For positioning SRS, there is no frequency hopping, and we suggest to define the SRS BW corresponding to the channel BW, i.e. 10MHz for 15kHz SCS, 40MHz for 30kHz SCS and 100MHz for 120kHz SCS.
· Repetition: there is no resource repetition for positioning SRS, and we suggest to use comb size 4 with 4 OFDM symbols. 
· Priority and offset: To ensure PRS/SRS proximity, we suggest to define SRS periodicity as 80ms, and the offset is 20ms (the separation between PRS and SRS is 10ms).
In summary, the general SRS configurations are given in Table 2.
Proposal 3: Consider Table 2 for general SRS configuration for UE Rx-Tx test cases.
Table 2: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	80*2^u, 20*2^u

	
	sequenceId
	0


Test setup
	· 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


On number of cells/TRPs, our view is that two TRPs are sufficient, one is reference TRP and the other is neighbour TRP. In LTE, there are 3 TRPs (one reference and two neighbors) for the delay test, but in our view, for NR PRS, network is likely to coordinate the PRS transmission e.g. with comb offset, symbol/slot offset and muting, such that there PRS resources from neighbour TRPs are orthogonal with each other (no collision on time frequency resource). In this case, the measurement performance of two neighbour TRPs (if modelled) are no different. On the other hand, modelling more than two TRPs in the test will increase the complexity and the cost.
On number of PRS frequency layers, considering that the measurement period requirements are different, it is meaningful to test both single layer and dual layer for the delay tests. This can be done by having two subtests under some of the delay tests, one for single layer and the other for dual layer. It is noted that the dual layer subtest is only applicable for UE that can support more than one PRS frequency layer. Furthermore, we suggest to test single + dual layer for RSTD, while only single layer for PRS-RSRP and UE Rx-Tx, since the multi-layer measurement period are similar for all PRS measurements. 
On synchronous/asynchronous cells, we do not see the need for async case since the PRS from different TRPs are orthogonal and the side condition need to be ensured. In this case there is no difference performance wise between sync and async cases.
On muting pattern, we not see the need to enable muting in the test cases. The motivation to enable muting is to make PRS resources from different TRPs orthogonal in time domain so that there is no PRS-to-PRS interference, and the Es/Iot condition for each PRS resource can improve. For the test cases, as the number of TRPs per PRS frequency layer is limited, PRS resources from different TRPs can be made orthogonal without muting, so there is no need to have muting in the test.
Proposal 4: Consider the following setup for positioning RRM test cases:
· Two TRPs per PRS layer frequency
· One and two PRS frequency layers (as subtests) for RSTD delay tests, one PRS frequency layer for other tests
· TRPs on the same PRS frequency layer are synchronous
· Muting is not enabled
PRS configuration and Es/Iot for accuracy tests
	· Define PRS RSRP/UE Rx-Tx time difference measurement accuracy requirements for 2 SINR side conditions
· SINR side condition #1: [-3 dB or -6 dB].
· SINR side condition #2: [-13 dB]. 
· No differentiation between serving and neighbor cell/TRPs
· Same side condition apply for FR1 and FR2
· FFS whether the test case will cover both side condition


Since there will be two sets of accuracy requirements corresponding to different Es/Iot side conditions, it is meaningful to define test cases for both of them. In addition, the accuracy requirements are dependent on PRS BW (a BW is associated with a repetition number in accuracy requirements so no need to separately consider the repetition number), and a number of combinations need to be tested. 
Considering the specification and the test efforts, we suggest to have two subtests per accuracy test cases, corresponding to different combinations of {Es/Iot, PRS BW}. The down selection of the combinations can be further discussed for each test case.
Proposal 5: Define two subtests per accuracy test cases corresponding to different combinations of {Es/Iot, PRS BW}. 
Conclusions
In this paper we provided our views on the RRM tests for NR positioning.
Proposal 1: Define positioning RRM test cases for NR SA only.
Proposal 2: Consider Table 1 for general PRS configuration for positioning RRM test cases.
Table 1: general PRS configuration for positioning RRM test cases
	
	PRS Pattern 1.1
	PRS Pattern 1.2
	PRS Pattern 2.1
	PRS Pattern 2.2
	PRS Pattern 3.1
	PRS Pattern 3.2

	SCS
	FR1, 15k
	FR1, 30k
	FR2, 120k

	PRS periodicity and offset
	160ms, 10ms

	BW (num of PRBs)
	52
	106
	66

	Comb size
	2

	Number of PRS symbols
	2
	4
	2
	4
	2
	4

	Number of PRS slots
	1


Proposal 3: Consider Table 2 for general SRS configuration for UE Rx-Tx test cases.
Table 2: general SRS configuration for UE Rx-Tx RRM test cases
	SRS-Resource
	SRS-ResourceId
	0

	
	nrofSRS-Ports
	Port1

	
	transmissionComb 
	n4

	
	combOffset-n4
	0

	
	cyclicShift-n4
	0

	
	resourceMapping
startPosition
	0

	
	resourceMapping
nrofSymbols	
	n4

	
	resourceMapping
repetitionFactor
	n1

	
	freqDomainPosition
	0

	
	freqDomainShift
	0

	
	freqHopping
c-SRS
	Matches NRB,c 

	
	groupOrSequenceHopping
	Neither

	
	resourceType
	Periodic

	
	periodicityAndOffset-p
	80*2^u, 20*2^u

	
	sequenceId
	0


Proposal 4: Consider the following setup for positioning RRM test cases:
· Two TRPs per PRS layer frequency
· One and two PRS frequency layers (as subtests) for RSTD delay tests, one PRS frequency layer for other tests
· TRPs on the same PRS frequency layer are synchronous
· Muting is not enabled
Proposal 5: Define two subtests per accuracy test cases corresponding to different combinations of {Es/Iot, PRS BW}. 
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