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Introduction
In RAN4#92 meeting, it was agreed to evaluate the side conditions for DL PRS via system-level simulations using the same scenarios adopted in RAN1 for the positioning SI and WI, namely:
· Scenario 1: Indoor Office for FR1 and FR2 (Open office and Mixed Office)
· Scenario 2: UMi street canyon for FR1 and FR2 (ISD 200m)
· Scenario 3: UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)
The companies are encouraged to present at least RSRP and SINR distributions for each of the first, second, …, N-th best cells (e.g., N ≥ 5) [1]. 
In this paper, we present partial system-level simulation results.
System-level simulations
 Assumptions
Network synchronization: In TR 38.855, network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values between an gNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1, i.e, the range of timing errors is [-T2, T2]. In submitted simulation results in TR 38.855, the assumed network synchronization error is disclosed. In [1], the row corresponding to network synchronization error is deleted from the common assumptions. In our view, network synchronization error has a direct impact on both positioning error and experienced SINR/RSRP from each cell/TRP. Larger synchronization error results in inter-symbol interference (ISI) and reduced SINR. In the following simulation results, we assumed perfect NW synchronization (i.e., T1 = 0). 

Observation 1. Network synchronization error has a direct impact on both positioning error and experienced SINR/RSRP from each cell/TRP and should be disclosed in the system-level simulation results. Larger synchronization error results in inter-symbol interference (ISI) and reduced SINR. In the following simulation results, we assumed perfect NW synchronization (i.e., T1 = 0). 

PRS interference: many of the simulation results in TR 38.855 assume perfect PRS muting which means PRS RE’s from a PRS resource does not collide with PRS RE’s of any other PRS resource. We have also assumed perfect muting in the following simulation results. As such, PRS SNR and RSRP can simply be converted to each other (RSRP = SNR + Noc). Therefore, only distributions of PRS SNR are presented.

Observation 2. In line with many simulation results in TR 38.855, perfect muting is assumed in the following simulation results. As such, PRS SNR and RSRP can simply be converted to each other (RSRP = SNR + Noc).

PRS beamforming: In the following simulation results, PRS Tx beamforming is assumed by subsampling the number of antenna elements of each deployment scenario. For FR1 simulation results, the number of beams in 4GHz band is assumed to be 8. For FR2 simulation results, the number of beams in 30GHz band is assumed to be 64.

Observation 3. In the following simulation results, PRS Tx beamforming is assumed by subsampling the number of antenna elements of each deployment scenario. For FR1 simulation results, the number of beams in 4GHz band is assumed to be 8. For FR2 simulation results, the number of beams in 30GHz band is assumed to be 64.

PRS configuration: PRS configuration in NR has significantly improved flexibility and can balance performance vs. network overhead. In our view, only PRS configurations that at least meet the regulatory requirements outlined in TR 38.855 should be considered. In the following simulation results, we have strived to select the PRS configurations that has small overhead while meeting the regulatory requirement. Consequently, the distribution of positioning error across all UE drops are provided along with distribution of SNR for the N=5 strongest TRPs. PRS configuration for each scenario is outlined below:

· UMi:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· Indoor office:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· UMa:
· FR1: comb-6, 6-symbol, 7.8 dB power boost, NPRS = 2, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx


Observation 4. In each scenario, a PRS configuration that meets the regulatory requirement is considered with smallest possible overhead. PRS configuration for each scenario is outlined below:

· UMi:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· Indoor office:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· UMa:
· FR1: comb-6, 6-symbol, 7.8 dB power boost, NPRS = 2, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx


Furthermore, each PRS SNR measurement is based on samples from one PRS occasion only. For each distribution, 100 UE drops are used each spanning 10 PRS occasions. Hence, the distributions are based on 1000 PRS SNR samples. 

Observation 5. Each PRS SNR measurement is based on samples from one PRS occasion only. For each distribution, 100 UE drops are used each spanning 10 PRS occasions. Hence, the distributions are based on 1000 PRS SNR samples.
 Results
Figures 1 and 2 show the distribution of SNR of the 5 strongest TRPs and positioning error for UMi FR1. 
Figures 3 and 4 show the distribution of SNR of the 5 strongest TRPs and positioning error for UMi FR2. 
Figures 5 and 6 show the distribution of SNR of the 5 strongest TRPs and positioning error for Indoor FR1. 
Figures 7 and 8 show the distribution of SNR of the 5 strongest TRPs and positioning error for Indoor FR2. 
Figures 9 and 10 show the distribution of SNR of the 5 strongest TRPs and positioning error for UMa FR1. 
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Figure 1 UMi FR1 – SNR distribution of 5 strongest TRP
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Figure 2 Umi FR1 – Positioning error distribution
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Figure 3 UMi FR2 – SNR distribution of 5 strongest TRP
[image: ]
Figure 4 UMi FR2 – Positioning error distribution
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Figure 5 Indoor FR1 – SNR distribution of 5 strongest TRP
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Figure 6 Indoor FR1 – Positioning error distribution
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Figure 7 Indoor FR2 – SNR distribution of 5 strongest TRP
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Figure 8 Indoor FR2 – Positioning error distribution
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Figure 9 Uma FR1 – SNR distribution of 5 strongest TRP
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Figure 10 Uma FR1 – Positioning error distribution
[bookmark: _GoBack]Table 1 summarizes the results for 5-percentile SNR of the 5 strongest TRPs and 80-percentile positioning error. It can be observed that the side conditions are dominated by UMa scenario in FR1 and UMi scenario in FR2 with significantly lower SNR levels and higher positioning errors. Our simulation results show that FR1 UMa scenario is more noise-limited and requires NPRS = 2 to achieve acceptable performance.
Table 1 Summary of simulation results for 5-% of SNR and 80-% of positioning error
	Scenario
	1st TRP (dB)
	2nd TRP (dB)
	3rd TRP (dB)
	4th TRP (dB)
	5th TRP (dB)
	80-% pos error (m)

	UMi FR1
	20.0
	9.7
	3.7
	0.3
	-1.6
	1.8

	UMi FR2
	7.2
	-7.7
	-12.1
	-15.8
	-17.8
	2.4

	Indoor FR1
	45.1
	42.0
	39.3
	36.2
	32.6
	3.2

	Indoor FR2
	34.0
	30.0
	23.1
	19.9
	16.8
	1.6

	UMa FR1
	-2.3
	-8.7
	-13.8
	-19.3
	-21.9
	36.2



Observation 6. DL PRS side conditions are dominated by UMa scenario in FR1 and UMi scenario in FR2 with significantly lower SNR levels. 
In our view, RAN4 should determine DL PRS side conditions based on UMa scenario for FR1 and UMi scenario for FR2 with 2-Rx processing for both FR1 and FR2. It is proposed to agree on a few PRS configurations and align the system level simulation results in the next RAN4 meeting to decide the side conditions.
Proposal 1. RAN4 to determine DL PRS side condition based on UMa scenario for FR1 and UMi scenario for FR2 with 2-Rx processing for both FR1 and FR2 after aligning the simulation assumptions on PRS configurations.
Conclusions
Observation 1. Network synchronization error has a direct impact on both positioning error and experienced SINR/RSRP from each cell/TRP and should be disclosed in the system-level simulation results. Larger synchronization error results in inter-symbol interference (ISI) and reduced SINR. In the following simulation results, we assumed perfect NW synchronization (i.e., T1 = 0). 

Observation 2. In line with many simulation results in TR 38.855, perfect muting is assumed in the following simulation results. As such, PRS SNR and RSRP can simply be converted to each other (RSRP = SNR + Noc).

Observation 3. In the following simulation results, PRS Tx beamforming is assumed by subsampling the number of antenna elements of each deployment scenario. For FR1 simulation results, the number of beams in 4GHz band is assumed to be 8. For FR2 simulation results, the number of beams in 30GHz band is assumed to be 64.

Observation 4. In each scenario, a PRS configuration that meets the regulatory requirement is considered with smallest possible overhead. PRS configuration for each scenario is outlined below:

· UMi:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· Indoor office:
· FR1: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx
· FR2: comb-2, 2-symbol, 3 dB power boost, NPRS = 1, 120 kHz SCS, 400 MHz BW, 160ms periodicity, 2Rx
· UMa:
· FR1: comb-6, 6-symbol, 7.8 dB power boost, NPRS = 2, 30 kHz SCS, 100 MHz BW, 160ms periodicity, 4Rx


Observation 5. Each PRS SNR measurement is based on samples from one PRS occasion only. For each distribution, 100 UE drops are used each spanning 10 PRS occasions. Hence, the distributions are based on 1000 PRS SNR samples.
Observation 6. DL PRS side conditions are dominated by UMa scenario in FR1 and UMi scenario in FR2 with significantly lower SNR levels. 
Proposal 1. RAN4 to determine DL PRS side condition based on UMa scenario for FR1 and UMi scenario for FR2 with 2-Rx processing for both FR1 and FR2 after aligning the simulation assumptions on PRS configurations.
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