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Introduction
In RAN4 #92 initial discussion on the scope of NR Positioning RRM requirements took place and the work plan was agreed [1-2]. In addition, the system-level simulation assumptions were agreed to facilitate further work on the definition of the DL PRS RSTD and RSRP measurement requirements [3]. In this paper we provide the results of the system-level study and share views on selected DL PRS RSTD/RSRP measurements requirements including: 
Minimum number of DL PRS resources to be monitored by UE
Requirement of RSTD accuracy measurement for minimum SINR value
Minimum side conditions for DL PRS SINR measurements for the reference and neighboring cells
Discussion
This contribution contains system level analysis of scenarios agreed for evaluation in [3]. Two scenarios were evaluated: high interference congested case (no muting) and interference-relaxed case (enabled muting with resource repetitions). The performance metric is presented in terms of location accuracy CDF curves for different SINR threshold level for used RSTD measurements and number of available RSTD measurements dependent on SINR threshold. This result help us to estimate the minimum number of monitored nodes/cells for each scenario and reasonable SNR/SINR levels.
Results depicted in Figure 1-Figure 5 are built for following scenarios:
UMa scenario, 10MHz (15 kHz SCS) and 100 MHz (30 kHz SCS)
UMi scenario, 10MHz (15 kHz SCS) and 100 MHz (30 kHz SCS)
UMi scenario, 100MHz (120 kHz SCS) 
Left column contains results for no muting case and the right – for muting case, evaluation assumptions are provided in the annex.
Number of Required Measurements
UMa FR1, 10 MHz
	No muting
	Muting, 16 repetitions
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[bookmark: _Ref23593893][bookmark: _Ref23593879]Figure 1. System level analysis – UMa scenario, FR1 10 MHz

UMa FR1, 100 MHz
	No muting
	Muting, 16 repetitions
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[bookmark: _Ref23957597]Figure 2. System level analysis – UMa scenario, FR1 100 MHz

UMi FR1, 10 MHz
	No muting
	Muting, 16 repetitions
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Figure 3. System level analysis – UMi scenario, FR1 10 MHz

UMi FR1, 100 MHz
	No muting
	Muting, 16 repetitions
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Figure 4. System level analysis – UMi scenario, FR1 100 MHz

UMi FR2, 100 MHz
	No muting
	Muting, 4 repetitions
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[bookmark: _Ref23593894]Figure 5. System level analysis – UMi scenario, FR2 100 MHz, comb-6 frequency reuse

Based on provided evaluation results for FR1, the UMi deployment shows very good positioning performance comparing with UMa in both environments (congested interference case and relaxed interference), thus, it is reasonable to focus on UMa deployment for development of FR1 positioning requirements.
 
According to Figure 1(a) regulatory requirements (50m error at 80% of CDF curve) are satisfied for UMa FR1 scenario with 10MHz PRS allocation with SINR threshold of -10dB for both indoor and outdoor UEs, from Figure 1(c), the required number of RSTD measurements from different geographical nodes at level of 80% for defined above SINR threshold is 8.
According to Figure 2(a) regulatory requirements (50m error at 80% of CDF curve) for UMa FR1scenario with 100MHz PRS allocation with SINR threshold of -10dB for outdoor UEs and -20 dB for indoor UEs, from Figure 2(c), the required numbers of RSTD measurements from different geographical nodes at level of 80% for defined above SINR threshold are 8 for outdoor UEs and 10 for indoor UEs.
According to Figure 5(a) regulatory requirements (50m error at 80% of CDF curve) for UMi FR2 scenario with 100MHz PRS allocation with SINR threshold of -10dB, from Figure 5(c), the required number of RSTD measurements from different geographical nodes at level of 80% for defined above SINR threshold is 8.
Additionally, it should be noted that in the simulation each geographical node (TRP) has 3 sectors with unique PRS resources and the best RSTD measurement selection was done based on PRS RSRP criteria, thus, the number of estimated PRS RSRP was 3 times more than the number of used RSTD measurements. In the analysis it is assumed that UE is provided with information on the PRS corresponding to the particular TRPs so that redundant RSTD measurements corresponding to the same TRP are avoided.
Based on provided analysis of the results, following proposal can be done:
Proposal 1:
A UE is required to be able to support following capabilities:
0. The minimum number of PRS resource for PRS RSRP measurements for FR1 and FR2 is [24] 
0. The minimum number of PRS resource for PRS RSTD measurements for FR1 and FR2 is [8] 
SINR Threshold for Measurements
Provided evaluation results for FR1 show the dependency of UE calculated location accuracy on resource repetition and muting procedure, while the muting effect doesn’t have any significant impact on positioning performance on FR2 deployments performance, thus, it is reasonable to define SINR requirements for NR FR1 positioning with additional repetition and muting and for FR2 no muting and no repetitions should be applied. 
Following set of results, Figure 6 and Figure 7, provide more detailed understanding of influence of SINR threshold for selection of RSTD measurements on result positioning performance. Figures depict the percentile ratio of UEs with calculated location error less than certain threshold calculated with different RSTD SINR threshold.
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[bookmark: _Ref23594101]Figure 6. Positioning performance for UMa FR1 scenario dependent vs. SINR threshold
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[bookmark: _Ref23594106]Figure 7. Positioning performance for UMi FR2 scenario dependent vs. SINR threshold
As it can be seen from the results, different SINR threshold corresponds to optimum positioning performance for different bands. It is clearly seen from the figures that minimum SINR threshold for RSTD measurement that is applicable to all scenarios is -13 dB, thus, following proposal can be done:

Proposal 2:
A UE is required to be able to provide the RSTD measurements from neighbor node (TRP) with the minimum SINR threshold value of -13 dB for each bandwidth size 
Conclusion
[bookmark: _GoBack]In this paper we have following proposals:

Proposal 1:
A UE is required to be able to support following capabilities:
0. The minimum number of PRS resource for PRS RSRP measurements for FR1 and FR2 is [24] 
0. The minimum number of PRS resource for PRS RSTD measurements for FR1 and FR2 is [8] 
Proposal 2:
A UE is required to be able to provide the RSTD measurements from neighbor node (TRP) with the minimum SINR threshold value of -13 dB for each bandwidth size 
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Annex
Deployment scenarios were taken from [3] other assumptions are collected in the Table 1.
[bookmark: _Ref20737453]Table 1: NR DL Positioning Evaluation Assumptions
	Parameters
	FR1/FR2 specific values

	Signal bandwidth
	System bandwidth, according to NR positioning evaluation methodology
FR1: 10, 50, 100 MHz; FR2: 100, 400 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	PRS Physical Structure
	Single port
Comb size: 6
Number of symbols: 6
Boosting: 3 dB
Allocation: full band
Fixed Tx power for all bandwith

	PRS Scheduling
	PRS Transmission Scheduling Details

	PRS Transmission Scheduling
	FR1:
0. No muting, no resource repetition
0. Muting, 16 resource repetition
FR2:
0. No muting, no resource repetition
0. Muting, 16 resource repetition

	TX/RX Settings
	TX/RX Beamforming Assumptions in FR1 and FR2

	FR1
	No TX beam sweeping
TX: Single TX Port, Quasi-Omni Pattern

	 FR2
	TX Sweep and Quasi-Omni RX
UMi: 16 TX beams are switched every symbol

	BS beam forming
	UMi gNBs:
FR1 – 1 beam
FR2 – 16 TX analogue beams: [-56.25 : … : 56.25], beam width 7.5o, DFT vectors to scan in horizontal plane
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