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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#80, the NR Positioning Support Study Item (SI) [1] was approved for Release 16. Currently companies are submitting their relevant performance evaluations and parameters for inclusion in TR 38.855 [2]. This contribution provides the performance evaluation and parameters for two positioning methods which makes use of the angles of departure measurements derived from synchronization signal block (SSB) measurements.

Synchronization Signal Blocks (SSBs) and Angles of Departure Measurements
In 5G, base stations continually broadcast their information in synchronization signal blocks (SSBs). This is done periodically in a beam sweeping pattern where each SSB corresponds to a different beam. To differentiate between different SSBs, a unique identifier, called an ssb-index, is embedded inside the information carried in the SSB. UEs continually listen, decode and measure the SSBs broadcast by surrounding base stations. The measured and decoded data from the SSBs including the ssb-index and RSRP can be reported back to the network in a Measurement Report [3].
The downlink angles of departure are the azimuth and elevation angles of the estimated direction of a UE from a base station. The azimuth angle (AoD) is typically given relative to geographical North [4]. The elevation angle (ZoD) is relative to the vertical axis as shown in Fig. 1. 
In this contribution, to transform the SSB measurements into AoD and ZoD measurements, the strongest received SSB is first determined. Afterwards, a mapping from the ssb-index of the strongest received SSB to beam direction is done. The resulting beam direction is used for the AoD and ZoD.

[image: ]
Figure 1. AoD and ZoD for a base station and UE. 

Evaluated Positioning Methods
In this contribution, the performance evaluations and parameters for two positioning methods are provided:
1. AOD+ZOD: the UE estimated location uses the AoD, ZoD from all hearable cells.
2. AOD+ZOD+TA: the UE estimated location uses the AoD, ZoD from all hearable cells along with the timing advance (TA) from its serving cell
 
Simulation Setup and Assumptions
The simulation program flow is shown in Fig. 2. The placement and configuration of base stations and UEs was done in accordance with [2] for the scenarios: 1) Indoor Open (InH-Open) Office and 2) Urban Microcell (UMi). Additional parameters not covered by [2] were taken from [5]. Some additional comments and assumptions about the simulations are below
1. For UMi scenarios only 1-tier of neighbor cells was considered. That is 7 macro sites in total.
2. Absolute delays for rays were calculated from adding LoS delay to relative delay.
3. TA was calculated from the first hearable multipath arrival. Additional timing advance errors were also included. 
4. The number of SSBs per SSB burst was 4 for 2 GHz, 8 for 4 GHz and 64 for 30 GHz [6].
· 2 GHz: UMi SSBs have 30⁰ azimuth resolution and no elevation resolution. InH SSBs have 45⁰ azimuth resolution and no elevation resolution.
· 4 GHz: UMi SSBs have 30⁰ azimuth resolution and 40⁰ elevation resolution. InH SSBs have 22.5⁰ azimuth resolution and no elevation resolution.
· 30 GHz: UMi and InH SSBs have 15⁰ azimuth resolution and 20⁰ elevation resolution. 


[image: ]
Figure 2. Simulation program flow 


Performance Evaluation and Parameters for Section 8 in TR 38.855 
--------------------- Start TP ------------------------------
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.1 Results from Polaris Wireless
[bookmark: OLE_LINK11]The parameters corresponding to the results are listed in table 1 below.


[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK12]Table 1 Parameters for Downlink evaluations in Scenario 1
	[bookmark: OLE_LINK6]Parameter
	Polaris Wireless, FR2 30 GHz

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	30 GHz

	Subcarrier spacing
	120 KHz

	Reference Signal Transmission Bandwidth
	400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB reference signal structure

	Reference signal (type of sequence, number of ports, …) 
	SSB reference signal

	Number of sites
	7

	Number of symbols used per occasion
	4

	Number of occasions used per positioning estimate
	1

	Power-boosting level
	No power boosting

	Uplink power control (applied/not applied)
	Not applied

	Interference modelling (ideal muting, or other)
	No muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	AOD and ZOD derived from max received SSB

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Maximum a posteriori

	Network synchronization assumptions
	Perfect

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	64 SSB/beams, no UE beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding assumptions

	Additional notes, if any
	



The results corresponding to the Indoor open office scenario are provided below

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Table 2 results for downlink methods evaluations of Scenario 1 – Indoor Open Office (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[bookmark: _Hlk1080026]AOD + ZOD 
FR2 30 GHz
	0.4
	0.6
	0.7
	0.9
	1.2
	1.4
	1.6
	1.7
	2.1
	2.8
	3.6



8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from Polaris Wireless
The parameters corresponding to the results are listed in table 3 below.
Table 3 Parameters for Downlink evaluations in Scenario 2
	Parameter
	Polaris Wireless, FR1 2 GHz
	Polaris Wireless, FR1 4 GHz
	Polaris Wireless, FR2 30 GHz

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	2 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 KHz
	30 KHz
	120 KHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB reference signal structure
	SSB reference signal structure
	SSB reference signal structure

	Reference signal (type of sequence, number of ports, …) 
	SSB reference signal
	SSB reference signal
	SSB reference signal

	Number of sites
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	4

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	No power boosting
	No power boosting
	No power boosting

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied

	Interference modelling (ideal muting, or other)
	 No muting                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
	No muting
	No muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	AOD and ZOD derived from max received SSB
	AOD and ZOD derived from max received SSB
	AOD and ZOD derived from max received SSB

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Maximum a posteriori
	Maximum a posteriori
	Maximum a posteriori

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	4 SSB/beams, no UE beam sweeping
	8 SSB/beams, no UE beam sweeping
	64 SSB/beams, no UE beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding assumptions
	No precoding assumptions
	No precoding assumptions

	Additional notes, if any
	 
	
	



The results corresponding to the Urban Micro scenario are provided below

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table 4 results for downlink methods evaluations of Scenario 2 – Urban Micro (UMi) (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	AOD + ZOD 
FR1 2 GHz
	17.5
	26.7
	44
	53.6
	61.7
	74.7
	85.6
	90.6
	124.5
	160.8
	201.5

	AOD + ZOD 
FR1 4 GHz
	15.2
	19.5
	25.1
	46.2
	59.2
	72.6
	84.3
	89.7
	102.1
	140.2
	188.7

	AOD + ZOD 
FR2 30 GHz
	10.2
	15.7
	19.6
	30.1
	44.1
	61.1
	75.2
	82.2
	100.8
	134.6
	173.8



8.3 Downlink+uplink evaluations
8.3.1 System simulations for Scenario 1 – Indoor Open Office
8.3.1.1 Results from Polaris Wireless
[bookmark: _Hlk536796236][bookmark: OLE_LINK27]The parameters corresponding to the results are listed in table 5 below.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Table 5 Parameters for Downlink+uplink evaluations in Scenario 1
	Parameter
	Polaris Wireless, FR2 30 GHz

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency 
	30 GHz

	Subcarrier spacing
	120 KHz

	Reference Signal Transmission Bandwidth
	400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB reference signal structure

	Reference signal (type of sequence, number of ports, …) 
	SSB reference signal

	Number of sites
	7

	Number of symbols used per occasion
	4

	Number of occasions used per positioning estimate
	1

	Power-boosting level
	No power boosting

	Uplink power control (applied/not applied)
	Not applied

	Interference modelling (ideal muting, or other)
	No muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	AOD and ZOD derived from max received SSB

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Maximum a posteriori

	Network synchronization assumptions
	Perfect

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	64 SSB/beams, no UE beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding assumptions

	Additional notes, if any
	



[bookmark: OLE_LINK22]The results corresponding to the Indoor open office scenario are provided below

Table 6 results for downlink methods evaluations of Scenario 1 – Indoor Open Office (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	AOD + ZOD + TA 
FR2 30 GHz
	0.4
	0.8
	1.1
	1.4
	1.8
	2.2
	2.4
	2.4
	2.7
	3.4
	3.7



8.3.2 System simulations for Scenario 2 - Umi 
8.3.2.1 Results from Polaris Wireless
The parameters corresponding to the results are listed in table 7 below.
Table 7 Parameters for Downlink+uplink evaluations in Scenario 2
	Parameter
	Polaris Wireless, FR1 2 GHz
	Polaris Wireless, FR1 4 GHz
	Polaris Wireless, FR2 30 GHz

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline

	Carrier frequency 
	2 GHz
	4 GHz
	30 GHz

	Subcarrier spacing
	15 KHz
	30 KHz
	120 KHz

	Reference Signal Transmission Bandwidth
	5 MHz
	100 MHz
	400 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	SSB reference signal structure
	SSB reference signal structure
	SSB reference signal structure

	Reference signal (type of sequence, number of ports, …) 
	SSB reference signal
	SSB reference signal
	SSB reference signal

	Number of sites
	7
	7
	7

	Number of symbols used per occasion
	4
	4
	4

	Number of occasions used per positioning estimate
	1
	1
	1

	Power-boosting level
	No power boosting
	No power boosting
	No power boosting

	Uplink power control (applied/not applied)
	Not applied
	Not applied
	Not applied

	Interference modelling (ideal muting, or other)
	No muting
	No muting
	No muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	AOD and ZOD derived from max received SSB
	AOD and ZOD derived from max received SSB
	AOD and ZOD derived from max received SSB

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Maximum a posteriori
	Maximum a posteriori
	Maximum a posteriori

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	4 SSB/beams, no UE beam sweeping
	8 SSB/beams, no UE beam sweeping
	64 SSB/beams, no UE beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding assumptions
	No precoding assumptions
	No precoding assumptions

	Additional notes, if any
	 
	
	



[bookmark: OLE_LINK23]The results corresponding to the Urban Micro scenario are provided below

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Table 8 results for downlink methods evaluations of Scenario 2 – Urban Micro (UMi) (editor’s note: white columns are agreed error percentile, grey columns are examples of additional results)
	Percentile
	10
	20
	30
	40
	50
	60
	67
	70
	80
	90
	95

	[bookmark: OLE_LINK14]AOD + ZOD + TA
FR1 2 GHz
	10.4
	17.2
	22
	27.2
	32.5
	37
	44.4
	46.2
	58
	79.2
	88.9

	AOD + ZOD + TA 
FR1 4 GHz
	6.8
	10.9
	16.3
	19.3
	21.6
	27.3
	30.8
	35.7
	43.9
	64.4
	78.3

	AOD + ZOD + TA 
FR2 30 GHz
	4.6
	7.8
	13.2
	17.2
	22.2
	24.3
	27.8
	30.8
	45.1
	65.1
	85.5



-------------------- End TP ------------------------------

Analysis 
From the performance evaluation results given in Section 5, several observations can be made. The performance of the AoD+ZoD positioning method in FR2 for InH-Office exceeds the FCC E-911 5-year 50m at 70th percentile mandate [7]. The AoD+ZoD+TA positioning method also exceeds the 5-year FCC mandate in both FR1 and FR2 for both InH and UMi.
Observation 1: The horizontal accuracy for AoD+ZoD+TA positioning method exceeds the 5-year FCC regulatory E-911 mandate in InH-Open and UMi scenarios.
Comparing the accuracy of AoD+ZoD in InH to UMi, the accuracy for InH is much higher (e.g., for 30 GHz, 2.1 m vs 100.8 m). The reason is that errors in angle become more pronounced at larger ranges.
Observation 2: Angle measurements AoD and ZoD are more useful for areas with smaller cell site coverage area.
To meet the FCC accuracy mandate for UMi, TA measurements are needed. This can be seen by comparing UMi AoD+ZoD results in Table 4 to AoD+ZoD+TA results in Table 8. There is an approximate 2x increase in accuracy when including TA. Note that when comparing Table 2 to Table 6, a slight decrease in accuracy was observed for InH. The reason is because the 19.6 m TA resolution at 30 GHz is much smaller than the accuracy achieved from just using angles for UMi (100.8 m at the 80th percentile). While for InH-Office scenarios, the accuracy of 2.1 m is much smaller than 19.6 m TA resolution.
Observation 3: Timing Advance has a more significant impact for areas with larger cell site coverage.   
[bookmark: OLE_LINK24]An analysis of the propagation channels of UEs with poor location accuracy found that the location error was caused by strong multipath. The strong multipath caused beams not pointing in the direction of the UE to be selected for AoD and ZoD determination.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Observation 4: Multipath is a major cause of error for positioning methods using AoD and ZoD.  
[bookmark: OLE_LINK17]
Conclusion
[bookmark: _GoBack]In this contribution, performance evaluations for two SSB angle based positioning method were presented. The first method was a DL method that relied only on SSB based angle measurements. The second method which was a DL+UL method also made use of timing advance. Results show that the combination of angle and timing advance yielded the most robust solution. This solution had accuracy which exceeded the FCC 50m at the 70th percentile E911 mandate for both FR1 and FR2 in indoor open office and urban micro scenarios. As such, the method which utilized angle and timing advance should be included in TR 38.855 and recommended as a positioning method for Release 16. 
Proposal: 1) A positioning method using SSB based angle measurements from serving and neighbor cells and TA serving cell measurements should be included in TR 38.855. 2) Furthermore, TR 38.855 should recommend that this method be included in Release 16.
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