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To specify RSTD/RSRP requirements in NR and the corresponding side conditions, RAN4 needs to conduct system- and link-level simulation studies.
System-level simulation assumptions were agreed at RAN4#92 in [1]. However, there are some misalignments in the simulation results provided by different companies. In RAN4#92-bis, the additional assumptions [2] (in addition to [1]) are further clarified and agreed by companies.

Furthermore, in RAN4#92-bis chairman note, we have the following agreement:Agreement:
FR2 Beam modeling
· Option 1: Beams are not explicitly modelled 
· Option 2: Beams are explicitly modelled
Power boosting
· no power boosting, power boosting (3 dB for all combs)
· Interested companies can bring results for 6dB power boosting. RF feasibility of 6dB power boosting has to be considered from BS point of view.


In this contribution, we provide our system level simulation results. Based on the simulation results, we propose the SINR threshold requiring that the UE should measure and report RSTD/RSRP for a cell with SINR greater than that SINR threshold. 

Power Boosting 
We note that in RAN4#55, RAN1 sent an LS [3] to RAN4, asking thatQ1: For a BS transmitting at an antenna with maximum power when all the REs have the same EPRE and using a PA corresponding to practical implementations, how is the noise level per RE due to non-ideal PA behavior on PDSCH REs, CSI RS REs and silent REs affected when the CSI RS is boosted in the above mentioned manner or conceivable manners using boosting values as implied by N equal to 2, 4, or 8? The power boosted REs can occur at one or two OFDM symbols in as often as every 5 ms.

For this question, RAN4 replied [4] that  




One benefit of using comb-N structure PRS is that it allows RE power boosting. Limiting the power boost level to 3dB will reduce the heariability of comb-4 and comb-6 PRS. While the exact impact due to CSI RS boosting is BS implementation dependent, RAN WG4 observed the following:
•	for N = 4 the related the impacts on BS RF performance are negligible.
•	for N = 8 (9 dB CSI RS boosting) some impact due to PA non-linearity is expected which would require either a more linear transmitter or RF output power reduction.
RAN WG4 concluded that unless sufficient gain can be justified to offset the disadvantages brought by CSI RS boosting by 9 dB (N = 8) outlined above, there is a preference to avoid CSI RS boosting by 9 dB (N = 8).


In our view, the same reasoning for CSI-RS power boosting also applies for PRS. BS transmitting PRS with the power boosting of 10*log(4) dB should be feasible, and power boosting of 10*log(6) dB for comb-6 PRS should be further studied for feasibility. If there is no practical implementation concern on PRS power boosting of 10*log(6) dB, then such power boosting level should also be taken into account while considering the requirement of PRS related measurements.Proposal 1: BS transmitting PRS with the power boosting of 10*log(4) dB should be feasible, and power boosting of 10*log(6) dB should be further studied for feasibility



[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Simulation Results
We assume no muting patterns, i.e., all cells are transmitting PRS at the same time. We assume 2 slot PRS transmission, which allows UE to do 2-symbol domain interpolation for every RE for noise suppression.
In Figure 1, we show SINR distribution for best 6 cells for the scenario UMa with fc = 2GHz, BW = 10MHz, SCS = 15kHz, all outdoor UEs, and comb-4 PRS. Note that for each UE, the best 6 cells are selected such that they are at different sites (locations). 
[image: ]
Figure 1: SINR distribution for best 6 cells for the scenario that UMa with fc = 2GHz, BW = 10MHz, SCS = 15kHz, all outdoor UEs, and comb-4 PRS:
From Figure 1 we can see that if all UEs are able to measure PRS with Es/Iot >= 8.909 dB, then95% of UEs can report 4 PRS-RSTDs and 5 PRS-RSRPs derived from the 5 best cells to the network. For this scenario, we call -8.909 dB the SINR point for 95% UEs to detect the best 5 cells, denoted by SINR(95% UE, 5) = -8.909 dB. 
The SINR distributions are given in Appendix. In the following we provide tables of such SINR points for various scenarios. 
Simulation Results for comb-2 PRS
For comb-2 PRS, the table of SINR(80% UE, k) with k = 4, 5 are given blow:
	Scenario
	fc, BW, SCS 
	SINR(80% UE, 4) dB
	SINR(80% UE, 5) dB

	UMa
Outdoor UE 
	2GHz, 10MHz, 15kHz
	-13.49
	-17.02

	
	4GHz, 20MHz, 30kHz
	-13.44
	-16.94

	UMa
Indoor UE
	2GHz, 10MHz, 15kHz
	-11.37
	-14.73

	
	4GHz, 20MHz, 30kHz
	-11.81
	-15.05

	UMi, FR1
	2GHz, 10MHz, 15kHz
	-11.25
	-14.51

	
	4GHz, 20MHz, 30kHz
	-12.22
	-14.87

	UMi, FR2
	30GHz, 100MHz, 120kHz
	-13.63
	-16.99


Table 1: SINR points for 80% UEs to detect the best 4,5 cells with comb-2 PRS

In the following, for comb-2 PRS, we show the table SINR(100% UE, k) with k = 1,2:
	Scenario
	fc, BW, SCS 
	SINR(100% UE, 1) dB
	SINR(100% UE, 2) dB

	UMa
Outdoor UE 
	2GHz, 10MHz, 15kHz
	-2.498
	-5.289

	
	4GHz, 20MHz, 30kHz
	-1.884
	-4.89

	UMa
Indoor UE
	2GHz, 10MHz, 15kHz
	-2.667
	-5.801

	
	4GHz, 20MHz, 30kHz
	-2.731
	-5.308

	UMi, FR1
	2GHz, 10MHz, 15kHz
	-3.283
	-5.739

	
	4GHz, 20MHz, 30kHz
	-3.334
	-5.808

	UMi, FR2
	30GHz, 100MHz, 120kHz
	-3.658
	-10.63


Table 2: SINR points for 100% UEs to detect best 1,2 cells with comb-2 PRS

Simulation Results for comb-4 PRS
We assume 10log(4) dB power boosting for comb-4 PRS.
For comb-4 PRS, the table of SINR(95% UE, k) with k = 5,6 are given blow:
	Scenario
	fc, BW, SCS 
	SINR(95% UE, 5) dB
	SINR(95% UE, 6) dB

	UMa
Outdoor UE 
	2GHz, 10MHz, 15kHz
	-8.909
	-12.4

	
	4GHz, 20MHz, 30kHz
	-9.249
	-11.91

	UMa
Indoor UE
	2GHz, 10MHz, 15kHz
	-8.669
	-11.99

	
	4GHz, 20MHz, 30kHz
	-9.398
	-12.78

	UMi, FR1
	2GHz, 10MHz, 15kHz
	-8.045
	-11.88

	
	4GHz, 20MHz, 30kHz
	-8.067
	-11.99

	UMi, FR2
	30GHz, 100MHz, 120kHz
	-14.74
	-17.63


Table 3: SINR points for 95% UEs to detect the best 5,6 cells with comb-4 PRS

In the following, for comb-4 PRS, we show the table SINR(100% UE, k), k = 1,2:
	Scenario
	fc, BW, SCS 
	SINR(100% UE, 1) dB
	SINR(100% UE, 2) dB

	UMa
Outdoor UE 
	2GHz, 10MHz, 15kHz
	0.1886
	-0.6452

	
	4GHz, 20MHz, 30kHz
	-0.09
	-1.691

	UMa
Indoor UE
	2GHz, 10MHz, 15kHz
	0.4652
	-1.769

	
	4GHz, 20MHz, 30kHz
	0.2265
	-2.075

	UMi, FR1
	2GHz, 10MHz, 15kHz
	1.796
	-1.4

	
	4GHz, 20MHz, 30kHz
	-0.6
	-2.574

	UMi, FR2
	30GHz, 100MHz, 120kHz
	-2.43
	-9.497


Table 4: SINR points for 100% UEs to detect best 1,2 cells with comb-4 PRS

From above simulation results, we have the following observations:Observation 3: If the SINR threshold is set to be -6 dB, then for comb-2 and comb-4 PRS
· 100% UE may detect the best cell for all scenarios
· 100% UE may detect the second best cell for all scenarios (except UMi FR2)
Observation 2: If the SINR threshold is set to be -13 dB, then for comb-4 PRS, 95% UE may detect best 6 cells for all scenarios (except UMi FR2 100MHz)
Observation 1: If the target is to set SINR threshold such that 80% UE may detect best 5 cells for comb-2 PRS, then the SINR threshold would be -17 dB. Thus, the cost is too high to set core requirement based on comb-2 PRS



In view of observations 1-3, we have the following proposal:Proposal 3: Set SINR threshold = -6 dB for the reference cell, i.e., the UE is required to measure and report RSTD and/or RSRP for the reference cell configured by the network provided that Es/Iot >= -6 dB

Proposal 2: Set SINR threshold = -13 dB for neighbour cells, i.e., the UE is required to measure and report RSTD and/or RSRP for a neighbour cell provided that Es/Iot >= -13 dB

Note that, it is of high probability that the reference cell is the cell with best or second best SINR to the UE. Thus, by setting SINR threshold = -6 dB for the reference cell, it is expected that UE is able to measure PRS from the reference cell.


Conclusions
The observations and proposals are summarized below:
Observation 1: If the target is to set SINR threshold such that 80% UE may detect best 5 cells for comb-2 PRS, then the SINR threshold would be -17 dB. Thus, the cost is too high to set core requirement based on comb-2 PRS
Observation 2: If the SINR threshold is set to be -13 dB, then for comb-4 PRS, 95% UE may detect best 6 cells for all scenarios (except UMi FR2 100MHz)
Observation 3: If the SINR threshold is set to be -6 dB, then for comb-2 and comb-4 PRS
· 100% UE may detect the best cell for all scenarios
· 100% UE may detect the second best cell for all scenarios (except UMi FR2)

Proposal 1: BS transmitting PRS with the power boosting of 10*log(4) dB should be feasible, and power boosting of 10*log(6) dB should be further studied for feasibility
Proposal 2: Set SINR threshold = -13 dB for neighbour cells, i.e., the UE is required to measure and report RSTD and/or RSRP for a neighbour cell provided that Es/Iot >= -13 dB
Proposal 3: Set SINR threshold = -6 dB for the reference cell, i.e., the UE is required to measure and report RSTD and/or RSRP for the reference cell configured by the network provided that Es/Iot >= -6 dB
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Appendix: SINR distributions of best 6 cells
Comb-2 PRS
With comb-2 PRS, in the following we show SINR distributions of best 5 cells for various scenarios.
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Comb-4 PRS
With comb-2 PRS, in the following we show SINR distributions of best 6 cells for UMa, UMi, and indoor office with selected settings on fc, BW, and SCS.
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