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Introduction
In RAN4 #92bis 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: 
0. Minimum number of DL PRS resources to be monitored by UE
0. Minimum side conditions for DL PRS RSTD/RSRP measurements for the reference and neighboring cells
0. Requirement of RSTD accuracy measurement for minimum SINR value
Discussion
This contribution contains system level analysis of scenarios agreed for evaluation in [3]. Two general scenarios were evaluated: noise-limited (i.e. no PRS interference)  and interference-limited (i.e. multiple PRS are multiplexed in the same PRS resources). The performance metric is ordered CDFs for SNR(noise-limited) and SINR(interference limited), where  CDF curve contains the  strongest node/cell observed by each UE. This result help us to estimate the minimum number of monitored nodes/cells for each scenario and reasonable SNR/SINR levels.

Number of DL PRS Resources
Results in Figure 1 – Figure 3 represents SNR based analysis (i.e. noise limited scenarios) of deployment scenarios agreed for NR Positioning, left column contains SNR statistics for the best sector of gNB (i.e. nodes with unique geographical coordinate since 3 cell sectors are served by the singles node) and the right columns contains SNR statistics for each cell sector independently. In case of FR2 analysis, the DL PRS Resource with max RX power was selected at each cell/TRP.
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The same curves (as on the right side) are valid due to single sector assumption in FR1.
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[bookmark: _Ref20840299]Figure 1. SNR analysis - Open Office scenario
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Figure 2. SNR analysis - UMi scenario
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[bookmark: _Ref20840300]Figure 3. SNR analysis - UMa scenario
From provided System level analysis, it is seen that in case of interference free DL PRS reception, the number of cells that can be potentially received with SNR level above -10 dB severely depends on scenario and up to 40-45 cells can be found in FR1. In FR2 the number of cells is sufficiently lower (10 for UMi and 20 for Open office scenario). 
From provided System level analysis, it is seen that in case of interference free DL PRS reception, the number of nodes with unique geographical coordinates and SNR level above -10dB is about 18-19 in FR1 and 5-10 in FR2.
It should be noted that in practical systems the reported above numbers are likely to be lower given that ideal reuse and interference free environment is not a practical assumption. In the next section time-frequency reuse factor equal to 6 causing interference limited scenario is assumed and may be considered as more practical scenario.

SINR requirements for DL PRS reception/RSTD calculation
Results in Figure 4 – Figure 6 represents SINR based analysis of deployment scenarios agreed for NR Positioning, where only 6 orthogonal resources for DL PRS transmission were enabled, the number of transmission per PRS Resource is equal and assignment of the TRP to the PRS Resource is random based. Left column contains SINR statistics for the best sector of gNB (i.e. nodes with unique geographical coordinate since 3 cell sectors are served by the singles node) and the right columns contains SINR statistics for each cell sector independently. In case of FR2 analysis, the DL PRS Resource with max RX power was selected at each cell/TRP.
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The same curves (as on the right side) are valid due to single sector assumption in FR1.
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[bookmark: _Ref20844952]Figure 4. SINR analysis - Open Office scenario
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Figure 5. SINR analysis - UMi scenario
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[bookmark: _Ref20844953]Figure 6. SINR analysis - UMa scenario

From provided System level analysis, it is seen that in interference congested environment of DL PRS reception, the number of cells that can be potentially received with SNR level above -10 dB severely depends on scenario. In evaluated scenario up to 7-10 cells are observed in FR1. In FR2, the number of cells is lower (8 for UMi and 7 for Open office scenario). 
From provided System level analysis, it is seen that in case of interference congested environment, the number of nodes with unique geographical coordinates and SNR level above -10dB is about 6-7 in FR1 and 6-8 in FR2. These numbers may further increase depending on time-frequency reuse factor. 
Provided SINR analysis with practical resource assignment shows significantly lower number of detected DL PRS transmitters comparing with interference free case. According to our observations above, we suggest the following as a starting point for discussion:

Proposal 1: 
Support following requirements:
The minimum number of DL PRS Resources monitored by UE for DL PRS RSRP measurement and DL PRS RSTD measurements in FR1 is [16]
The minimum number of DL PRS Resources monitored for DL PRS RSRP measurement and DL PRS RSTD measurements in FR2 is [16]
Conclusion
In this paper have following conclusions:

Proposal 1:
Support following requirements:
The minimum number of DL PRS Resources monitored by UE for DL PRS RSRP measurement and DL PRS RSTD measurements in FR1 is [16]
The minimum number of DL PRS Resources monitored for DL PRS RSRP measurement and DL PRS RSTD measurements in FR2 is [16]
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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: 100 MHz; FR2: 400 MHz

	PRS Signals 
	Evaluated candidate physical structures for PRS transmission

	PRS Physical Structure
	Single port
Comb size: 6
Number of symbols: 1
Boosting: 6 dB
Allocation: full band

	PRS Scheduling
	PRS Transmission Scheduling Details

	PRS Transmission Scheduling
	FR1:
Ideal muting: single active gNB per PRS resource
6 positioning resources: random assignment of gNBs to the positioning resources
FR2:
Ideal muting: single active gNB per set of PRS resources (TX beam sweeping is applied)
6 orthogonal positioning resources sets: random assignment of gNBs to the set of positioning resource (TX beam sweeping is applied)

	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
Open Office: 8 TX beams are switched every symbol
Uma, UMi: 16 TX beams are switched every symbol

	BS beam forming
	UMa/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
Open Office gNBs:
FR1 – 1 beam
FR2 – 8 TX analogue beams: [-52.2 : … : 52.5], beam width 15o, DFT vectors to scan in horizontal plane
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