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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 proposing positioning methods and submitting relevant performance evaluations for inclusion in TR 38.855 [2]. This contribution proposes a down link (DL) positioning method which makes use of the angles of departure measurements derived from synchronization signal block (SSB) measurements along with timing advance (TA) to estimate a UE’s 3D position. Performance evaluations using simulations in accordance to the simulation guidelines in [2] are also presented.

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.
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Figure 1. AoD and ZoD for a base station and UE. 

Evaluated Positioning Methods
In this contribution, three positioning methods are evaluated:
1. CellID – the UE estimated location is the location of its serving cell. This positioning method is used as a baseline and its accuracy is highly correlated with inter site distance (ISD).
2. Serving cell’s angles + serving cell TA – the UE estimated location is derived from the AoD, ZoD and timing advance (TA) measurements from its serving cell.
3. Serving and neighbor cells’ angles + serving cell TA – the UE estimated location uses the AoD, ZoD from all hearable cells along with the TA from its serving cell
Note that the difference between 2. and 3. is the inclusion of angles from neighboring cells. This is done to show the utility of additional angle measurements.

Simulation Setup and Assumptions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]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, 2) Indoor Mixed (InH-Mixed) Office, 3) Urban Microcell (UMi), 4) Urban Macrocell (UMa) Outdoors. Additional parameters not covered by [2] were taken from [5]. Some additional comments and assumptions about the simulations are below
1. For UMa and 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 synchronization and 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 and UMa SSBs have 30⁰ azimuth resolution and no elevation resolution. InH SSBs have 45⁰ azimuth resolution and no elevation resolution.
· 4 GHz: UMi and UMa 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. 
· 
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Figure 2. Simulation program flow 
Simulations Results and Analysis
Performance evaluation simulations for the positioning methods described in Section 3 were done for InH-open, InH-mixed, UMi and UMa outdoor. The resulting horizontal accuracy is tabulated in Table 1 and illustrated in Figs. 3-6. Overall, the best accuracy was achieved when using the angles from both the serving and neighbor cells. 
Observation 1: Utilizing multiple AoD and ZoD measurements from the serving and surrounding neighbor cells generally gives the best accuracy. 
The angle based positioning methods perform significantly better than CellID for all 30 GHz scenarios and 2 and 4 GHz outdoor scenarios. The reason InH 2 and 4 GHz do not have better performance is discussed later. In all scenarios except for UMa, the accuracy from angle based positioning methods exceeds the most stringent FCC E-911 6-year 50m at 80th percentile mandate [7]. 
Observation 2: The overall horizontal accuracy for angle based positioning exceeds the FCC regulatory E-911 mandate except for UMa outdoor.
An analysis of the measurements and results of individual UEs in the different scenarios yielded some additional observations. As seen in Table 1, there are marginal differences between 2 GHz and 4 GHz accuracy even though there are more beams for 4 GHz (8 SSB) versus 2 GHz (4 SSB). The reason is because in many cases, strong multipath causes a beam not pointing in the direction of the UE to be selected for AoD and ZoD.
Observation 3: Multipath rather than SSB beam resolution is the main cause of error.  
Another cause of error is UE antenna configuration coupled with random UE orientation. For example, a UE’s 30 GHz antenna panels were placed on the same plane and randomly oriented in the simulations. In some LoS channels, this caused the LoS ray to arrive in the side lobe of the UE antennas and for multipath from other directions to dominate. Thus the strongest received power could come from a SSB beam not pointing in the direction of the UE in LoS channels.
Observation 4: Accuracy is expected to improve significantly for 30 GHz if UE antenna configuration has a greater angular coverage.
For indoor office scenarios, the angle based positioning techniques performed worse than CellID for 2 and 4 GHz. The reason why is mainly due to the orientating of base station antenna panels to point downward. In LOS channels, this caused the LOS rays to be suppressed because they usually departed from the side lobe of the transmit antenna patterns. This effectively made the UE focus on multipath rays rather than the direct LoS ray. This trend was not seen in the 30 GHz simulations since the base station antennas were sectorized and the antenna panels were more horizontal pointing.
Observation 5: InH performance for 2 and 4 GHz is expected to improve significantly for base station antennas utilizing a 3 sector approach similar to 30 GHz configuration.

	Scenario
	Freq [GHz]
	Percentile Error [m] by Positioning Method

	
	
	CellID
	Serving Cell SSB AOD + Serving Cell TA 
	Serving Cell and neighbor SSB AOD + Serving Cell TA

	
	
	50th
	80th 
	95th
	50th
	80th 
	95th
	50th
	80th 
	95th

	InH Office Open
	2
	10.1
	14.4
	28.4
	11.8
	22.7
	38
	12.9
	23.2
	42.2

	
	4
	9.7
	15.8
	31.9
	14.2
	24
	37
	14.4
	25
	41.3

	
	30
	9.2
	12.7
	17.4
	1.6
	3.3
	3.9
	1.3
	1.8
	3.1

	InH Office Mixed
	2
	9.9
	17
	42.7
	14
	23.9
	38.3
	13
	21.7
	34.4

	
	4
	10.8
	22.6
	33
	12.2
	24.8
	42.5
	13.8
	27.6
	42.7

	
	30
	13.5
	24.7
	42.8
	2
	3.6
	12.6
	2.4
	5.7
	10.5

	UMi
	2
	97.1
	169.4
	227.8
	17.4
	41.3
	89.2
	18.2
	42.3
	76.4

	
	4
	96.9
	152.3
	253.6
	13.3
	40.3
	97.1
	11.9
	44.1
	71.8

	
	30
	84
	141.3
	190.1
	13.5
	58.5
	122.6
	12.2
	36.5
	73.6

	UMa Outdoor
	2
	205.4
	325.1
	592.7
	84.5
	170.5
	235.9
	65.9
	145.7
	223.7

	
	4
	241.1
	323.6
	550.6
	81.1
	205.7
	378.1
	57.2
	136.6
	268.5


Table 1 Accuracy results for different positioning methods
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Figure 3. Horizontal accuracy for Indoor Open (InH-Open) Office
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Figure 4. Horizontal accuracy for Indoor Mixed (InH-Mixed) Office 
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Figure 5. Horizontal accuracy for Urban Microcellular (UMi)
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Figure 6. Horizontal accuracy for Urban Macrocellular (UMa)
Conclusion
In this contribution, performance evaluations for a down link angle based positioning method which utilizes AoD and ZoD measurements derived from serving and neighboring cell SSB measurements are presented. In all scenarios except for UMa outdoor, the accuracy from both angle based positioning methods exceeds the FCC 50m at the 80th percentile E911 mandate. As such, this method should be included in TR 38.855 and recommended as a positioning method for Release 16. 
Proposal: 1) A DL 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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