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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#95, several scenarios and simulation assumptions has agreed at least for NR RAT-dependent positioning. Based on the output before, some simulation results for OTDOA positioning are shown for RAT-Dependent positioning techniques in this contribution.
2. OTDOA baseline simualtion results
This section presents some initial simulations of 3 typical scenarios with 100% LOS probability and large bandwidth (100MHz and 400MHz) to obtain the baseline positioning accuracy. The positioning accuracy is demonstrated by the CDF curve. The simulation assumptions can be found in Appendix.
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Fig.1 CDF curve of positioning error with 100% LOS probability 
Table1 OTDOA horizontal positioning error with 100% LOS probability (m)
	CDF percentiles

                Scenarios
	50%
	67%
	80%
	90%

	Perfect
synchronization

	UMa(100MHz)
	0.62
	0.77
	0.95
	1.15

	
	UMi(100MHz)
	0.67
	0.84
	1.00
	1.17

	
	Indoor office(100MHz)
	1.30
	1.91
	3.07
	6.01

	
	UMi(400MHz)
	0.15
	0.2
	0.25
	0.30

	
	Indoor office(400MHz)
	0.31
	0.48
	0.68
	1.07

	Synchronization
error (50ns)
	UMa(100MHz)
	11.50
	14.98
	18.59
	22.32

	
	UMi(100MHz)
	13.65
	17.70
	21.42
	25.95

	
	Indoor office(100MHz)
	22.86
	36.63
	43.59
	52.13

	
	UMi(400MHz)
	11.01
	14.22
	17.63
	21.74

	
	Indoor office(400MHz)
	22.94
	30.95
	42.13
	54.23



We can see that under perfect conditions, the horizontal accuracy with a bandwidth of 400M in Indoor and UMi scenario can reach 0.68m and 0.25m at the 80% CDF point respectively and the horizontal accuracy with a bandwidth of 100M in UMa scenario can reach 0.95m at the 80% CDF point, which meet the requirement agreed in previous meeting. However, considering gNB synchronization error, the positioning performance drops a lot. Especially for Indoor scenarios, the horizontal performance with 50ns synchronization error is 42.13m which fails to the accuracy requirement. 
Observation 1:
· Under perfect conditions, the NR OTDOA positioning can meet the horizontal accuracy requirements.
Observation 2:
· gNB synchronization error has great impact on positioning performance. 
Moreover, it can be observed that the indoor positioning accuracy under perfect condition is worse than the performance of outdoor cases. One reason seems to be that the ToA resolution is not finer enough, e.g. the ToA measurement error can be at most 0.5Ts causing an error of about 1.5 meters. This could lead to a bad positioning performance especially in scenarios which has short BS-UT distance. For indoor scenarios, higher ToA or RSTD resolution is needed and technique enhancement should be studied to satisfy the stringent requirement. Another reason could be that the deployment of indoor office TRP leads to a large GDOP and some UEs cannot be surrounded by TRPs, which brings bad positioning performance. Therefore, PRS design should consider enhancing indoor positioning performance to meet indoor positioning requirement.
Observation 3:
· Indoor scenario is more sensitive to measurement error than outdoor scenario.
Observation 4:
· The GDOP problems and RSTD resolution problems for indoor scenarios should be studied.
3. Performance of different patterns
In this section, we compare the performance of different potential NR PRS patterns. The patterns are shown below:



(a) RS with one symbol                                                   (b) TRS



(c) A RS equivalent to comb-2 RS                   (d) A RS with 4 symbols and density of 3



(e) A diagonal RS with 9 symbols                                          (f) LTE PRS



(g) A diagonal RS with 11 symbols  
Figure 3 Possible patterns of NR positioning RS                                                
We compared the positioning performance of 7 patterns above in UMa scenario with different bandwidth, and the results are shown in Figure4. The simulation assumptions can be found in the appendix in our contribution.
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Figure 4 Positioning performance of NR possible positioning RS (10M&20M)
It can be seen that the positioning performance can be divided into 4 groups and each group corresponds to one level of positioning performance. The first group includes pattern (e), (f) and (g) which provide best performance. The patterns in the first group seem to be a better choice for positioning. Especially pattern (g) can provide relatively better accuracy. The second group includes pattern (c) and (d) which provide medium performance with less overhead. In some scenarios where accuracy is not critical, these two patterns can provide sufficient positioning performance. The third group includes pattern (b) which represents TRS. The positioning accuracy is worse than the first group and the second group. And the last group includes pattern (a) representing a one symbol RS. The performance is not enough to support positioning.
We further evaluated the positioning performance with 100M bandwidth. The results are shown in Figure5. The CDF curves of pattern (e), (f) and (g) are almost overlapping.  In addition, it can be seen that as the bandwidth increases, the performance gap of various patterns decreases. Some patterns with low overhead may provide enough performance. 
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Figure 5 Positioning performance of NR possible positioning RS (100M)

Observation 5:
· One symbol RS is not a good choice for positioning.
Observation 6:
· As the bandwidth increase, the overhead of PRS pattern can be appropriately reduced.
4. Conclusion
In this contribution, based on the positioning simulation results above, some conclusions are reached:
Observation 1:
· Under perfect conditions, the NR OTDOA positioning can meet the horizontal accuracy requirements.
Observation 2:
· gNB synchronization error has great impact on positioning performance. 
Observation 3:
· Indoor scenario is more sensitive to measurement error than outdoor scenario.
Observation 4:
· The GDOP problems and RSTD resolution problems for indoor scenarios should be studied.
Observation 5:
· One symbol RS is not a good choice for positioning.
Observation 6:
· As the bandwidth increase, the overhead of PRS pattern can be appropriately reduced.
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Appendix 
The simulation assumptions are in Table2. 
Table2 Simulation Assumptions
	Parameter 
	Value

	Scenario
	UMa /UMi street canyon/Indoor open office 

	Sites number
	57 in UMa and UMi,12 in Indoor office

	UE number
	570 in UMa and UMi,120 in Indoor office

	Bandwidth
	10M/20M/100M for UMa/UMi/Indoor office
400M for UMi/Indoor office

	Carrier frequency
	4G for UMa/UMi/Indoor office
30G for UMi/Indoor office

	Positioning sites number
	5

	Occasions
	10

	PRS Power Boosting
	10log6 dB 

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	PRS pattern
	LTE PRS pattern in Fig.2

	LOS probability
	100%

	UE speed
	60km/h in UMa,3km/h in UMi and Indoor office

	Network synchronization error
	Perfectly synchronized/ 50ns
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